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Introduction 


So far, the concept of natural focality has been devel- 
oped in its relation to infections transmitted from animals 
to man -and parasitic diseases, helminthiases in particular. 
The field it covers is extremely wide, involving a consider- 
able number of diseases, many of them not fully explored, 
and enormous territories that contain diffuse natural foci 
which are either intact or, as in most cases, affected to a 
varying degree, directly or indirectly, by the activities of 
man. The latter tend either to weaken and suppress or, in- 
versely, to activate such foci, sometimes even originating 
new foci of anthropurgic origin. 

Accordingly, practical work on diseases with natural 
foci requires a knowledge of the following: 

(1) focal structure, location and environment; 

(2) social factors determining human exposure in focal 
areas; 

(3) combined specific and non-specific measures to be 
adopted for prevention of the disease. 

The respective therapy, although equally vital, cannot 
be examined hereunder, as constituting a matter of purely 
clinical interest. 

The substantial experience accumulated on the subject 
was utilised in 1939 to formulate the theory of diseases 
with natural foci. 

The present book contains informative and methodolog- 
ical data for work on the epidemiology and eplzootology 
of a number of diseases with different types of foci either 
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confined to their natural environments, or penetrating more 
or less easily into the direct neighbourhood of man, some- 
times even into human dwellings. The solution of the tasks 
put before the Soviet public health service by the current 
Seven-Year Plan, will necessitate extensive and diversified 
research on the subject throughout the territory of the 
U.S.S.R. The problem being as multifold as it is, the work 
will require the participation of different specialists. 
Success will follow on the correct positioning of scientific 
forces and proper coordination of efforts. 

The results achieved to date are due, primarily, to the 
sound faunistic and ecologo-parasitological grounding of 
the theory, which provides a firm basis for special virolog- 
ical, microbiological and epidemiological studies and pre- 
ventive measures which, taken as a whole, must solve the 
problem as it stands today- However, as always in science, 
the solution of the problem In the first approach puts 
forward a range of new problems, more concrete, and, 
perhaps, more difficult to solve. 

The compilers of the book were confronted from the 
outset with the fundamental difficulty of determining the 
structure of its contents. The question was: (a) whether or 
not it should be a complete manual on all aspects of the 
problem, and (h) which class of specialists should it serve 
— the field or laboratory worker with considerable experi- 
ence in the subject, or biologists and physicians taking 
their first steps? The former, most probably, would look 
for concrete instructions of special character, while the 
latter would expect information, though essential to them- 
selves, yet presenting no novelty to workers with greater 
experience in the same fields. The difficulty of satisfying 
both categories is self-evident, since the book can in no 
way lay claim to encyclopaedic scope. 

As a first attempt at compiling an informative and 
methodological guide, the book’s purpose Is to acquaint 
the reader with the essence of the problem as a whole, to 
point out its related components, and give an idea of the 
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general and specific lines along which investigations should 
be conducted, in such a way that each specialist might as 
certain his place m the broader complex of work, and visu 
alise the relationship of different specialities in elaborating 
the general and specific aspects of the problem 

Academician Y N Pavlovsky 



THE CURRENT STATUS OF THE THEORY 

OF NATURAL FOCALFTY OF HUMAN DISEASES 

I 

At present, the principles of the theory of natural foca!- 
ity apply to the following diseases 

(1) viral seasonal encephalitides — tick-bome (including 
Scotch loupmg ill) and mosquito borne (Japanese), two- 
wave meningoencephalitis, lymphocytic choriomeningitis, 
pappataci fever (probably), rabies, psyttacosis and omi- 
thoses 

(2) rlcfeettsioses Rocky Mountam SDOtted fever (U S A), 
Japanese river fever, South East Asian scrub typhus, Medi- 
terranean fever, nckettsioses of Asia (Siberia and Far 
East), 

(3) spirochetoses tick-bome relapsing fevers of Africa 
and the countries of the tropical zone, Persian tick-bome 
typhus tick borne spirochetoses of Central Asia, Trans- 
caucasia and Northern Caucasus, 

(4) leptospiroses with different forms of causative 
agents, 

(5) mycoses actinomycosis, 

(6) bactenoses plague, tularemia, brucellosis, anthrax, 
listerellosis 

(7) protozooscs cutaneous leishmaniasis (desert form), 
kala-azar, African sleeping sickness, Chagas’ disease of 
South America, toxoplasmosis. 





(8) helminthiases tnchmellosis, diphylfobothnasis, 
sparganosis, echinococcosis, opisthorchosis, clonorchiosis, 
paragonimiasis, schistosomiasis, etc , 

(9) arachnoses animal mange (transmissible to man) 

(10) entomoses myiases (Wohifahrt’s fly) dermatobia 
SIS (South Amenca) 

Most of the above have been revealed in the U S S R , 
although, doubtlessly, there are more to be discovered 

Hence, the immediate objectives of raedicobiological 
research are (a) exploration for as yet unrevealed diseases 
with natural foci (b) detailed investigation of the structure 
and environments of foci already revealed, (c) determina 
tion of their geographic and topographic distribution 
(d) experimental and field research on methods of control 
and possibly, elunmation, (e) elaboration of individual 
and mass scale preventive measures for workers and visi 
tors in areas known or suspected to contain natural in* 
fective foci 

Hereunder, we shall examine the procedural systems 
which are common for all research on natural foci of 
infection 


n 

fn its first concrete formulation, the theory of natural 
focality, illustrated with examples of the fundamental 
types of corresponding diseases, was expounded by the 
author of this paper at the general meeting of the U S S R 
Academy of Sciences on May 29 1939, and was published 
in Vcsfnife Akadcmii Nauk SSSR (Annals of the USSR 
Academy of Sciences), No 10 for the same jear 

In the 20 years which have elapsed since then, the theory 
has been widely acclaimed, and its basic principles applied 
m epidemiologic research by various institutes in many 
parts of the Soviet Union In Leningrad such work was 
done by the general biology and parasitology depa^ment of 
the Kirov Military Medical Academy, recently awarded the 
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Order of Lemn In due course, the departments of micro 
biology, epidemiology, infectious and nervous diseases of 
the same Academy also took part in the work Faunolog- 
ical, ecological and methodological work of lasting im- 
portance was carried out by the Zoological Institute, 
USSR Academy of Sciences, with the participation of 
entomologists, parasitologists and ornithologists On the 
establishment of the former Gorky All Union Institute of 
Expenmental Medicine (VIEM), the author was invited to 
organise its parasitology department, whose sphere of 
activities was shortly afterwards extended to include the 
organisation of parasitological expeditions On the trans- 
fer of the aforesaid Institute to Moscow, the department 
of parasitology had to be set up anew, considerably ex 
panding the scope of expeditional research 
The institution of a number of affibated research stations 
and branches of the Academy of Sciences of the USSR, 
permitted the extension of such research to large areas m 
Central Asia (particularly Tajikistan, Turkmenia, etc) 
With the endorsement of the USSR Academy of MediciU 
Sciences, the aforesaid department was transferred to the 
Gamaleya Epidemiology and Microbiology Institute under 
the auspices of the said Academy, and then reformed into 
the department of diseases with natural foci 
Extensive work on the subject is being done at the Zool- 
ogy and Parasitology Institute of the Kazakh S S R 
Academy of Sciences, the Saratov “Microbe” and many 
other institutes m different parts of the USSR 
It is heartening to witness the increasing influence of 
the theory on the work of scientists in other socialist coun- 
tries, particularly Czechoslovakia (and through her aid 
Yugoslavia) and Poland The first successful investigations 
have been accomplished m the Chinese People’s Republic 
The theory of diseases with natural foci has been in- 
cluded m parasitological and epidemiological textbooks 
and manuals With the impressive growth m literature and 
numerical increase of medical and biological institutions 

It 



directly or indirectly engaged m developing various asso- 
aated problems, new branches of research appear, 
the older assume more definite contours, contnbutmg to 
overall theoretical and practical progress in the field 

To offer an idea of the most feasible lines of future 
research, it will be of benefit to re-outlme the essentials of 
the theory, defining, in the first place, the modem concept 
of a natural focus of disease 

A natural focus is a section of terrain marked by a 
definite biogeocenosis which is characterised by more or 
less clearly defined biotopes, and the presence of biocenoses 
which, apart from indifferent components, include animals 
acting as hosts for the causative agent and as donors for 
blood sucking Acorina or other insects that may become 
vectors and transmit the pathogen to susceptible animals 
(recipients) The pathogen is transmitted alunentanly, as 
the vector sucks first the blood of the donor and then 
recipient The intervals between the two blood meals may 
vary widely, depending on the parasite’s biology (meta- 
morphosis, frequency, or inversely, extreme ranty of blood 
meals) and on abiotic environmental factors promoting or 
at least not hindering the pathogen's development in the 
vector organism, nor inhibitmg the latter’s need for fresh 
blood The focal biocenosis proper and the relationships 
within It were originated m the course of evolution of live 
beings on the given geosubstratum independent of the 
evolution of man, sometimes, probably, even prior to his 
appearance on earth 

The natural focus of a given disease may exist onl> 
while the vector continues to transmit the pathogen from 
donors to recipients In this manner, the circulation of the 
pathogen is maintained, and if it stops, the focus ceases 
to exist 

A natural focus may become a source of infection for 
man when non immune individuals enter the focal area 
with hungry pathogen carrying vectors prcsenL These, 
being attracted by such welcome prey as man, attack. 
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draw blood and simultaneously deposit the pathogen con 
tamed m their saliva in his body This happens in the 
course of the pathogen’s circulation m the vector’s body, 
when the portal of exit are its salivary glands and per- 
forative mouth organs As a result of attack by an in 
fected vector, the human victim may fall ill, provided 
that the pathogenic dose introduced is sufficient and 
the given pathogen strain is not weakened due to its own 
variabihty or other causes In its clmical form, the resultant 
disease may range from /ormcs irustes to severe and some 
times lethaJ cases 

Despite the introduction of the pathogen mto the body, 
the disease may not be chmcally manifest Thus, when 
moculating white mice with a suspension of the virus of 
tick borne encephalitis prepared from the crushed viscera 
of an infected Ixodes persulcatus, most mice contract the 
disease and die with the typical symptoms, whereas some 
are completely unaffected, remammg so at all further 
lethal moculations, i e , obviously becoming immune Hence, 
the virus of tick*bome encephalitis may have a dual effect, 
either killmg or immunising the victim (Y N Pavlovsky 
andV D Solovyov) 

The aforesaid suggests a conclusion of major importance 
for correct assessment of the results of experimental infec- 
tions with apparently negative results, viz , such expen 
ments may not be set down as failures without the most 
careful analysis After inoculation, animals not contracting 
the disease should be thoroughly examined, which may be 
done m different ways So, when infecting gumea pigs 
with blood containing the pathogen of tick borne relapsmg 
fever, part of the animals may reveal no spirochetes even 
m repeated thick film blood tests But if, subsequently, 
a cerebral suspension from the same animals is mject^ 
into healthy specimens, the latter may sometimes prove 
spirochete carriers Hence it follows that the first experi- 
ments must have occasioned a kind of latent mfection 
which became manifest m the second senes These findings 



necessitate for caution jn detennining, for example, the 
percentage of spontaneously infected ixodid vectors m 
the tick population under survey 
Experiments showing the immunising function of visceral 
suspensions from ticks infected v. ith tick borne encepha- 
litis, provided the clue to a hitherto mystenous phenomenon 
observed by epidemiologists The serum of people never 
afflicted with spring summer encephalitis, revealed anti 
bodies to the latter’s infective agent, which was testified 
by neutralisation of the active virus by a definite titre of 
serum The real nature of this important phenomenon 
remained obscure until the described experiments on white 
mice provided an explanation Apparently, the persons in 
question had \isited localities where they had fallen prey 
to spontaneously infected vector ticks which had served 
m their case, as a synnge with live vaccine 

Experiments with the yellow fever vims employing 
\ector mosquitoes sustained under various temperatures, 
conclusively showed that, m colder environments, incuba 
tion time increases until a certain hmit when the vector 
no longer infects experimental ammals, but renders them 
immune to the disease Similar changes m the effects of 
the pathogen of tick borne encephalitis are evidently un- 
related to temperature, since within certain bounds this 
virus IS mdifTerent to cold, at any rate, m nature The 
early spring outbreaks of the disease in man are due to 
attacks of hungry spontaneously infected ticks emerging 
from hibernation The amount of ticks partiapating m the 
attack and hence, the dose of vims introduced, may like- 
wise be important, but there might also be other factors 
as>et hj-pothelical 

The vanabihtj of the virus proper may be important as 
well Of course, this question belongs, mainl>, to the sphere 
of virology, but, justifiably, certain ecological considera- 
tions may also be put forward Practically, the vims of 
tick borne encephalitis is always contained in the body of 
a mammal or bird host or ixodid vector In the course of 
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the pathogen’s circulation in the focal biocenosis, each 
of these ■animah m turn serves as its environment And, 
since the tick vector of this disease may feed on many 
species of mammals and birds, in practice, the viral strams 
circulate through a wide range of animals, forming such 
chains as Amur hedgehog tick chipmunk tick-wood hen 
tick wolf cub, etc Biochemically, the aforesaid are non 
equivalent, which naturally prompts one to ask, might not 
such a varied succession of hosts affect the biology of the 
given strain’ In other words the genealogy of different 
virus strains may vary widely in regard to transition from 
host to host 

Do the specific features of different virus strains remain 
immutable m the course of circulation through the bodies 
of various species of mammals, birds and reptiles’ One of 
the pnmary tasks of experts is to determine the importance 
of these animals as reapients of the virus borne by in 
fected Ixodes At every given moment, the genealogy of 
a virus IS a matter of the past, its sequence being impos 
sible to reconstruct Nevertheless, a certam approxima 
tion to an assay of the effects of a host body as an en 
vironment on the qualitative status of the virus may be 
achieved in laboratories with a sufficient choice of expen 
mental wild animals The department of diseases with 
natural foci of the Gamaleya Epidemiology and Micro 
biology Institute, USSR Academy of Medical Sciences 
(medical zoology and parasitology dept , former VIEM) 
possesses a vivarium with wild animals and birds, where 
experimental investigations have been made on a number 
of aspects of the epidemiology of transmissible diseases 
and the biology of animals serving as reservoirs for vanous 
infective agents Considerable organisational achievements 
have been gained m the Zoology and Parasitology Institute 
of the Kazakh Academy of Saences, Alma Ata, where a 
field station has been set up with a vivanum of wild animals 
hitherto unutilised m laboratories and maintained under 
conditions almost indistinguishable from their natural 
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environments Here experiments may be staged on much 
larger wild animals than ever employed for such purposes 
before. 

Deabng with the problem of the possible variability of 
the pathogens of diseases with natural foci (viruses, etc), 
it IS necessary to consider yet another aspect of the circum 
stances under which the pathogen exists in a vertebrate 
host If, in experiments, the birth of an animal takes place 
under strictly aseptic conditions, the newly bom animal 
may be sterile and continue as such if afforded aseptic 
maintenance, food and water When released into custom- 
ary conditions, the animal soon becomes populated with 
bacteria, fungi, Protozoa, and later, helmmths All such 
population, which is alien to the animal and inhabits its 
open organic systems, is known as a parasitocenosis 

The terms parasitocenosis and biocenosis are by no 
means synonymous The latter, as a community of various 
flora and fauna, is the result of evolution and may exist 
more or less continually without appreaable change. On 
the other hand, a parasitocenosis forms under conditions 
arising during the individual development and growth of the 
host, and is specifically unstable and vanes rapidly The 
microbes pathogemc to the given organism, on entering the 
latter, are surrounded by the species comprising the para- 
sitocenosis of the respective organic system, which may 
lead to different consequences Some components of the 
parasitocenosis may be indifferent to the infective agent, 
others may mhibit its pathogenic activity (live antibiotics), 
while still others may prove to be synergists, enhancing its 
virulence Such a multiformity of intraspecific relation- 
ships m the parasitocenosis may either cause diseases of 
different severity in the macroorganism, or make it a symp- 
tomless parasite carrier In cases like these we observe 
variations m the infective agent’s virulence occasioned b> 
other species of the same parasitocenosis systematically 
differing from the former At present, convinang data are 
available showmg the positive and negative relationships 
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between bacteria and Protozoa on the one hand, and Pro- 
tozoa and parasites on the other, in the intestine of a child 
The above shows that in the course of diagnostic or ex- 
perimental studies, analysis should not be restricted to dis- 
closing the conventionally recognised causative agent, but 
should strive likewise to identify other components of the 
parasitocenosis All this is important not only for an under- 
standing of the pathogenesis of the given case or the course 
of the given experiment, but also for the success of therapy, 
possibly requiring additional measures such as expulsion 
of helminths which may handicap the course of otherwise 
successful treatment m various diseases caused by viruses, 
bacteria and other infective agents The aforesaid consid 
erations prompted the author to a synthesis of the concept 
of diseases with natural foci and the theory of parasito- 
cenoses (Y N Pavlovsky) 


UI 

In the numerous expeditions conducted during the last 
twenty years by various medical institutions under the aus- 
pices of the U S S R Mmistry of Public Health (former VIEM, 
etc ) which involved multilateral investigation of problems 
as yet undealt with by the public health service, eg, the 
“cerebral diseases” of the Far East, which proved to be 
seasonal transmissible encephalitides, as well as other mal- 
adies, the active participation of zoologists, ecologists and 
parasitologists proved highly beneficial The latter’s partic- 
ipation was necessitated by the fact that the cardinal epi- 
demiologic characteristics of these diseases proved essen- 
tially biological, their foci being harboured m nature and 
occurring in such “wild” places where man had never set 
foot 

From the very outset, the studies revealed cases of cer- 
tain specific diseases encountered in unpopulated areas of 
the taiga, desert or steppe This led to the a prion conclu- 
sion that man could receive the infective agents from no- 
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where else but sources of infection concealed m nature 
Another cause for meditation was the more or less clear 
cut seasonal character of the outbreaks, the fact that the> 
began and developed m spnng and summer All these find 
mgs and considerations led to the elucidation of the en 
demic mechanism of the whole group of diseases 
The entire course and results of these studies demon 
strated the benefit of the participation of zoologists and par 
asitologists in the solution of cardinal problems of the epi 
demiology and epizootology of diseases which initially exist 
as zoonoses, but later, under definite conditions of place 
and time, may become zooanthroponoses A considerable 
part of this work fell to the lot of such institutions under 
the author s supervision as the general biology and par- 
asitology department of the Military Medical Academy, the 
parasitology department of the Zoological Institute (and 
later the institute itselO of the USSR Academy of 
Sciences, the parasitology department of the former VIEM 
and the medical zoology and parasitology department (now 
department of diseases with natural foci) of the Gamaleya 
Epidemiology and Microbiology Institute of the USSR 
Academy of Medical Sciences, and certam other institu- 
tions However, the benignity of such participation could 
not have emerged immediately, without prolonged prelimi- 
nary research and more or less definite orientation, which 
served, m aggregate, as the methodological premises for 
the ultimate successful solution, m collaboration with med 
ical experts of an epidemiological problem of major im 
portance The said preliminary investigations had pursued 
their own purposes and were initiated for different reasons 
but subsequently proved not only useful, but virtually in 
dispensable m coping with new, profoundly important 
tasks We speak of these investigations on the basis of 
concrete personal expenence, and with the sole intention 
of demonstrating the need for the competent participation 
(on equal terms) of expert biologists m the all round elabo 
ration of major medical problems 
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The seasonal nature of diseases occurring in unpopulated 
areas, led to the supposition that such diseases were trans- 
mitted from animals to man, and hence, spread through 
some kind of vectors — blood-sucking ticks or insects 
Consequently, it is essential to be able to precisely define 
the species of the surmised vectors, which is made pos- 
sible by the use of properly compiled identification refer- 
ence reflecting more or less exhaustively the composition 
of the tick and insect fauna The task of compiling such ref- 
erence lies with zoologists specialised m systematics and 
faunistics. Identification should be carried out with all pos- 
sible care Whenever doubts arise, the investigator should 
consult competent specialists, laying aside the tick and in- 
sect specimens in question for the latter’s examination 
Unfortunately, the general zoological knowledge of many 
physicians is extremely limited, owmg to the replacement 
of medical zoology departments in medical colleges by de- 
partments of general biology 
All medical workers jointly engaged m various activities, 
especially field or experimental research, should invariably 
be governed by the following dictum The specific identi- 
fication of any animal which the physician has to do with 
m the course of diagnostic, hygienic and epidemiological 
investigations, should be earned out with no less funda- 
mental accuracy than the determination of bacteria and 
other microorganisms In responsible or newly initiated 
investigations such work should be done m consultation 
with expert zoologists, conducting it with the combmed 
participation of mammalogists, ornithologists, parasitolo 
gists, etc 

It is not enough, however, to be able to determine the 
species of this or that parasite, vector or host It is nec- 
essary, likewise, to know where to find it in the environ- 
ment — whether in the immediate surroundings of man, or 
m nature Such searches are conducted to establish the po- 
tential epidemiological hazards of a given area for medical 
and practical purposes Work of this kind requires famili- 
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arity \s ilh the techniques of cohecting ticks, insects, rodents 
and other animals, acquamtance with methods of Jive main- 
tenance for observation of the hfe cycle and biology, for 
various experiments (testing insecticides, repellents, etc) 
and for parasitologists and epidemiologists to determine 
the spontaneous or experimental incidence of this or that 
infective agent Hence, it is incumbent upon zoologists of 
different specialities to draw up special instructions, manu- 
als, methodologic handbooks, etc , for the above-named 
purposes Fortunately, such literature is readily available 

Territorial surveys, undertaken as part of more compre- 
hensive investigations, may necessitate not only the col- 
lection of animals, but also the establishment of their hab- 
itats, analysis of the abiotic environmental factors and 
specific composition of the respective biocenosis, and elu- 
cidation of the animals’ interbiocenotic relationships All 
these problems are the subject of descriptive and exper- 
imental ecology and biocenology The findings of such in- 
vestigations provide the microbiologist, virologist and par- 
asitologist with excellent material for tracing the circula- 
tion of this or that infective agent among the members of 
the biocenosis and determining the key participants m the 
process Such analysis follows as the termination of com- 
bined investigations in a natural focus of disease, revealing 
Its epizootological structure and the conditions under which 
the zoonosis represented m the focus may develop into a 
zooanthroponosis 

An essential part in preparing for such combined investi- 
gations was played by our own work conducted m 1923- 
1925 m the former Novgorod district \vith the tick Ixodes 
ncmus (Y N Pavlovsky, D I Blagoveshchensky, B I Po- 
merantsev, N I Alfeyev, et al) Its purpose was to deter- 
mine fbe animals on i» hich the parasite and estabhsh 
the mosaic of the tick’s distribution over a selected part of 
the area under survey, which depends on the features of 
its habitats — the local vegetation and animal population 
An “infestment calendar” was drawn up for the tick’s pnn- 
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cipal hosts among the wild fauna, as well as special tables 
showing the dynamics of cattle mfestment in their rela- 
tion to grazing and to the way the cattle were utilised by 
man (effects of the social factor) Special tick nurseries 
were maintained through the wmter to establish the length 
of tick metamorphosis, which proved considerably different 
from laboratory findings All these measures were under- 
taken for the study of Ixodes ricinus, the specific vector of 
cattle piroplasmosis (babesiasis) and the experimental de- 
velopment of control measures as part of preventive cam- 
paigns against outbreaks of the disease among cattle 

The works on ticks and other ectoparasites, later con- 
tinued by the All-Union Plant Protection Institute of the 
Lenm All Union Agricultural Academy, are described in a 
compendium entitled Cattle Pests (USSR Academy of 
Sciences, 1935) A notable item in the latter is the classic 
work of B I Pomerantsev “On the Origm of Tick Foci m 
the Leningrad Region” whose significance becomes all the 
greater with the establishment of the role of I ricmus in 
transmitting the agent of tick borne encephalitis The re- 
search techniques worked out in the former Novgorod dis- 
trict for investigations on Ixodes ricmus, and the respec- 
tive methods for the study of the genus Dermacentor, were 
fully applied m Far Eastern expeditions (1937-1941) de 
voted to seasonal encephalitis Apart from other reasons, 
this was thanks to the assistance of G Serdyukova, a par- 
taker m the Novgorod investigations on ticks, who partic- 
ipated m expeditions on encephalitis carried out in the 
Khabarovsk district and m the Suputinsk forest reserve 
further south 

Of all our numerous expeditions, the highest standards, 
as regards coordination of zoological and parasitological 
research and rational employment of expert personnel, were 
achieved in the three year studies made in the Gissar valley 
near Dushanbeh (Tajikistan), organised to discover the tick 
vector of bovine haemospondioses and to develop specific 
prevention techniques TTie expedition was sponsored by 



the Zoology Institute of the USSR Academy of Sciences 
and the Tajik base (later branch) of the same in Dushan- 
beh 

The principal work was earned out by zoologists, among 
them the ornithologist A I Ivanov, the herpetologist 
S A Chernov, the parasitologist B V. Lototsky and the 
veterinarian I G Galuzo, DrSc (Biology) 

The zoologists explored the area of the valley and the 
bordering flanks of the Gissar mountain range The terri- 
tor>' was divided into zones according to morphology, flora 
and cultivation The zoologists shot and trapped specimens 
of vertebrate fauna, noting the sites of collection The re- 
sult of these works was a complete record of all the ver- 
tebrate fauna of the valley, drawn up by zones Each of 
the animals was identified by expert zoologists, catalogued 
with reference to the site of collection, and delivered under 
identification numbers to the parasitological laboratory 
Here they were carefully examined b> the laboratory staff, 
who removed all ectoparasites, chiefly ticks, and took blood 
tests, after which the carcasses were returned to the zool- 
ogists All the received information was entered in the jour- 
nal together with the amount, species and metacyclic stages 
of the removed ectoparasites The materials obtained were 
conserved for museum display or employed for experi- 
ments The entire work proceeded with conveyor-like regu- 
larity, and in the shortest oossible time provided such a 
wealth of material as no singly working parasitologist could 
ever hope to collect A distinctive feature of these studies 
was our endeavour to conduct the work throughout the 
>ear, simultaneously observing domestic animals main- 
tained under like conditions 

A complete parasitologic novelty were regular winter in- 
spections of domestic animals for ticks with special note 
of the places where cattle were maintained m the winter, 
which m those extreme south easterly parts of the U S S R 
IS comparatively mild 



As regards organisational standards the entire system 
of research m this multipurpose, but basically epizootolog- 
ical expedition, as yet remains unsurpassed In the course 
of the work, we were able to determine the valley’s ixodid 
fauna (altogether 16 species), as well as the stage to stage 
calendar of their life cycle, the metamorphosis of indi- 
vidual tick species and their seasonal association with var- 
ious species of mammals, birds and domestic animals The 
expedition also located the abodes of replete ticks detached 
from their hosts, establishing the respective habitats and 
imcrohabitats where moulting, egg laying and hatching took 
place We likewise made electrometric assays of tempera- 
ture and humidity variations for different seasons and even, 
m certain cases, different hours of the day and night A 
special summary table showed the habitat, time, quantity 
and host of the larvae, nymphs or females of each tick 
species parasitising the particular host The vector species 
of haemospondioses (Taylor’s disease and piroplasmosis) 
being known earlier and the vector ticks’ preying time 
being reflected m the summary tables, an idea could be 
farmed of the periods of cattle infection and the pasturing 
sites where cattle were liable to contract the disease from 
parasite ticks 

These important data were accompanied by information 
on the altitudinal distribution of ticks, which is especially 
vita! for alpine countries like Tajikistan In the very first 
year of investigations, the alpine pastures were found to 
be free of ticks The transfer of pedigree cattle from the 
lowlands to these areas saved the animals which had 
survived the epizootic then devastating the whole 
valley 

The extension of ecologofaumstic research on the alti- 
tudinal and regional prevalence of Ixodidae over the entire 
territory of the republic, enabled the latter to be classified 
into regions actually and potentially hazardous or non 
hazardous in regard to epizootics A special map to the 
effect was drawn up likewise 
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On the temtorj’ of the USSR, the \anous species of 
Ixodidaa are the vectors of diseases affecting not onl\ do* 
mestic animals, but also man Hence, it is all the more vital 
to make joint use of epizootological and epidemiological 
information in concretising and modif>ing the results of 
investigations on Dcsts which are of common interest to 
cattle husbandry and public health, especially wnth i view 
to adopting coordinate measures for control and preven- 
tion of human and cattle diseases prevalent on one and the 
same territory Unfortunately, as >et, the necessity of such 
cooperation has not been full> realised 

The use of the aforesaid technioue of faumstic and eco- 
logoparasitological field work combined with laboratory re 
search, resulted in the discovery of natural foci of the 
desert form of cutaneous leishmaniasis (Pendmski ulcer, 
Borovsky’s disease, or, m Turkmenian, murgabu) and the 
successful accomplishment of an experiment m eliminating 
such a focus by poisoning and blocking multitudinous ger 
bil burrows — the elementary foci of this disease (N I La- 
tjshev) An important prelimmaiy for experiments of this 
kind was the discovery by P Vlasov and P Petnshcheva of 
the existence of Phicbofomus in nature — in burrows and 
other harbourages outside domestic and service premises 
In regard to the natural foa of tick borne relapsing fever 
in Central Asia, it was demonstrated that the principal 
members of such foci mav migrate to crude cattle shelters 
and human dwellings and there form new foci 

The extensive works on tularemia, conducted in the 
USSR revealed the existence of natural foci of this dis 
ease associated with ixodid ticks inhabiting on pastures 
For all the extreme multiplicitj of routes through which 
tularemia may be contracted, the principal part in mam 
taming its causative agent n nature is played by Jxodidac 
(N G Olsufyev) 

The result of our year round observations on Ixodidae in 
Tajikistan was a discovery of major practical impo-tance 
The tick vectors of the pathogens of cattle diseases hiber 



nated on cattle, which apparently served them as shelter 
dunng the comparatively mild local wmter Another cir- 
cumstance of economic interest, was that cattle spent win- 
ter not on grazmg grounds but near farms, where the ticks 
wintering on cattle concentrated as well This offered an 
opportunity to eliminate the ticks together with all actual 
vectors among them, employing various dry acaricides 
(dust, etc ) * 

As a final practical outcome of all these and associated 
investigations, special instructions were drawn up on the 
mandatory control measures against diseases transmitted 
by Ixodidae on the territory of the Tajik S S R 2 The organ- 
isational principles of research and the rational coopera- 
tion of zoologists — specialists m faumstics, ecology, para 
sitology and epizootology, offer an exemplary model, fully 
applicable methodologically to epidemiological expeditions 
and easily modified with regard to the area, time and con- 
crete purposes of the new work in hand 

It is essential to make use of the extensive new liter- 
ature on the subject, e g , individual volumes of The Fauna 
0 / the U S S R , and the specially published series of meth- 
odological aids (a) Handboofe for Forest Belt Workers, 
(of which directly concerned with parasitological and other 
research on diseases with natural foci are issues Nos 1, 3, 
6, 10, 13. 14, 15, 16. 17. 21, 22), (b) Field and Laboratory 
Worker's Manual (several issues) Of the non-senal publi 
cations of the Zoology Institute, see the Manual on the 
Collection and Study of Fleas (1927), Manual on the Col- 
lection and Study 0 / Ixodoidea” (1928), Manual on the Col- 
lection, Study and Maintenance of Mosquitoes (1925, 1927, 


‘ Y Pavlovsky and B Pomerantseva ‘ On the Transfer of Cattle 
from Summer to Winter Pastures on the Western Flanks of the 
Alagez’ From The Transcaucosion Porasitological Expedition in 
Armenia Proc Conf on Pedigree Cattle Protection (CPCP) Trans 
Caucasian senes Issue 11, USSR Academy of Sciences 1934 
2 Y Pavlovsky and B Lototsky The Control of Haemoparasitic 
Diseases of Agricultural Animals in Ta;il istan Tajikistan State 
' Publishing House Dushanbeh 1951 



author Y. N. Pavlovsky). The first two books have also ap- 
peared in the series: Hmdbuch dcr biologischen Arbcits- 
methoden (Abderhalden) (Abt. 9. Teil), Heft I, 11-96, and, 
in the same series, Seite 97-160, 1931. 

In the U.S.S.R. Academy of Medical Sciences the author 
organised the issue of a series of methodological handbooks 
entitled Aids to Medical Workers Working on the Great 
Projects of Communism — nine of which were published in 
1952 and one in 1953. Besides that, separate publications 
of methodological nature were issued by the State Medical 
Publishing House. The U.S.S.R. Ministry of Public Health 
has printed methodological aids and instructions on various 
diseases. A number of periodicals O’oumals, transactions of 
various institutes) likewise contain material on diseases 
with natural foci. 

A section on diseases with natural foci has been organ- 
ised in Abstracts of the U.S.S.R. Academy of Sciences 
(geographical series). Much useful material may be derived 
from the Communications of Parasitological Expeditions 
Sponsored by Institutions of the U.S.S.R. Academy of Sci- 
ences, collections of papers published by Republican Acad- 
emies (Kazakh, Tajik, etc.). Abstracts and proceedings of 
conferences on parasitological problems held by the 
U.S.S.R. Academy of Sciences, the Gamaleya Epidemiology 
and Microbiology Institute of the Academy of Medical 
Sciences (formerly VIEM), etc. 

Direct participation, both organisational and practical, 
in the work of exoeditions on seasonal encephalitides* per- 
mitted us to make extensive use of our experience in or- 


‘ In J93S the author was placed at the head of an expedition on 
tick-bome encephalitis, and in 1939 headed the team resooasible for 
studjnng the factors conducixe to the existence of natural foci of 
the said disease in an expedition led by I 1. Rogosin. The first ex* 
pedilion on the subject, organised in 1D37 and headed by L. A. Zil- 
ber, included a team of entomologists and parasitologists manned 
by the general biology and parasito’ogv department and department 
of microb ologv. S M Kirov Military Medical Academy (field work 
supemsor A V. Gutsevich) 



ganising research on a faunistic and ecologo-parasitological 
basis, which has been of much benefit in elucidating the 
epidemiological features of tick-borne encephalitis and de- 
veloping non-specific prophylactic measures against the 
disease. The same refers to the work on tick-borne typhus 
fevers in Siberia, carried out by expeditions under the spon- 
sorship of the parasitology department, VIEM (later the 
Gamaleya Institute of Epidemiology and Parasitology, 
U.S.S.R. Academy of Medical Sciences), which demonstrat- 
ed the natural focality of the said diseases (S. P. Petrova- 
Piontkovskaya, O. S. Korshunova, S. M. Kulagin, N. I. Al- 
feyev, G. V. Serdyukova). 

The benefit of employing coordinated faunistic, ecolog- 
ical and parasitological studies as a basis for subsequent 
multilateral investigation of major epidemiological and epi- 
zootological problems, may be illustrated by other exam- 
ples. 

A subject of special note are the foci of certain diseases 
which appear in nature as a result of human activity, and 
hence, in contrast to natural foci, may be defined as an- 
thropurgic, I.e., to a certain extent, originated by the activ- 
ity of man. For instance, in a number of cases, wild ani- 
mals such as rodents and even snakes were found to be 
spontaneously infected with a causative agent of brucel- 
losis (Samsonov). Further, it was established that various 
species of ixodid ticks, after feeding on animals whose pe- 
ripheral blood contains Brucellae, may become not only 
hosts, but vectors of the agent. The latter happens when 
they suck the blood of healthy animals, which in their own 
turn may serve as pathogen donors for fresh ticks (I. G. Ga- 
luzo, M. M. Rementsova). 

Individual observations in nature, together with the re- 
sults of numerous and varied experiments, allowed us to 
construe the following conjectural sequence of events. A 
given grazing ground is inhabited by Jxodidae and small 
animals such as rodents, etc. On this pasture, a cattle herd 
including animals with Brucellae in the blood, are put tg 





graze The hungry ticks occurring at the time on the pas- 
ture, attack the diseased cattle and, together with the lat 
ter’s blood, receive the infective agent At their next trans 
stage blood meal, the pathogen carrying ticks infect sus 
ceptible specimens among both the natural inhabitants of 
the grazing ground and the healthy agricultural animals 
brought to graze Henceforth, the pasture becomes a nat- 
ural focus of brucellosis as a result of human activity ex- 
pressed in the successive pasturage of diseased and health} 
animals The healthy herd is put to graze after the dis 
eased pending a certain interval during which the pathogen 
IS maintained in the bodies of vector ticks Thus, a bruce! 
losis focus appears due to the joint effect of natural cir 
cumstances (ticks and wild animals inhabiting the pas- 
ture) and the activity of man, the latter being responsible 
for the arrival of sicK animals and the subsequent pasturage 
of healthy ones Intermediately, we have the infection of 
ticks with the pathogen and the eventual possibility of 
their transmitting the pathogen to healthy animals 

Thus, quite conceivably, a natural, or rather, anthro 
purgic focus of brucellosis develops The length of its 
existence presents a special problem, but even its brevity 
should not cast doubt on the character of its onginaling 
causes and the validity of the proposed denomination 

What then is the theoretical essence of the process of 
formation of a new natural focus of disease’ 

The mam requisites for the possibility of its formation 
are (a) availability of pasturelnnd not cultivated to the 
point of extermination of its natural animal population — 
some of the species of Ixodidac as well as small mammals 
serving the former espcciall> their larvae and nymphs as 
sources of sustenance (b) susceptibility of ticks and v^-ild 
!o BruceVa (c) iormaltcxa of a bjocenosis finclud ng 
ticks and other pasture mhibitants) of more or less per- 
manent specific composition 

All these are the natural factors prerequisite for the 
development of brucellosis foci The very appearance of 
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the natural focus depends on the introduction into the 
pasture biocenosis of the only missing link — the pathogen 
of brucellosis contained in the bodies of diseased ammals 
put to graze 

The decisive /actor in the formation of a brucellosis 
focus on the grazing ground is essentially social viz , the 
conscious will and activity of man, who brings diseased 
and then healthy anunals to graze on the given pasture 

How long such an anthropurgic focus will exist depends 
on the stability of mtroduction of the causative agent mto 
the animals composing the pasture biocenosis and on 
abiotic factors being unopposed to such introduction or to 
the existence of the biocenosis itself, enriched, as it is, 
With the aforesaid new component, i e , the pathogen 


IV 

A rational classification of natural foci of disease re 
quires their assessment in regard to factors of biological, 
abiotic and geographic (topographic) nature, and a state- 
ment of the relationship of their ongm to the activity of 
man 

1 Natural infective foci may include the pathogen of a 
single infectious or invasive disease (monomfectional foci) 

2 A natural focus may harbour two or more diseases 
(di- and polyinfectional foci) 

3 The biocenosis of a natural focus of disease may 
include several species of animal hosts mamtammg a single 
infective agent (polyhostal foci) 

4 In the same focus there may be one or several vector 
species transmitting the same disease (mono and poly- 
vectoral foci, respectively^ 

5 As regards therr age, foci may be ancient or recent 

6 As regards distinctions of origin, some natural foci 
may have developed evolutionally (autochthonous foci), 
and others as a result of human activity (anthropurgic) 
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7 When sections of terrain (which we will call land 
scapes), typical of a given focus, split off on the boundarj 
between two distinct types of terrain (eg, forest and 
steppe) the resultant insular areas may still contain the 
respective foci Thus, steppe surrounded portions of a 
forest proliferating into the steppe may contam natural 
infectious foci peculiar to forests 
Natural foci may exist on a variety of geographic 
landscapes, or zones The definition of a geographic land 
scape by L S Berg, states it to be “a combination or asso 
ciation of objects and phenomena where all the features 
of relief, climate, water, soils, flora and fauna, and, to a 
certain extent, human activity, unite m a single harmonious 
entity, repeated typically throughout the given geographic 
biome 

On the territory of the USSR, the following zones 
are distinguished (1) tundra, (2) temperate forest, (3) for* 
est*steppe, (4) steppe, (5) semi desert, (6) desert, (j) alpme 
Individual landscapes comprising the zones, are not 
homogeneous throughout, but contain different habitats 
associated with separate details of relief and harbouring 
various biocenoses composed of the flora and fauna com- 
mon to the entire landscape (zone) 

In view of the above, it is logical to associate the natural 
foci of various diseases with different respective land- 
scapes Thus, natural foci of tick-bome encephalitis are 
typical of forests of definite botanical composition, located 
in the temperate biome, the same foci may also occur in 
forest copses advancing into the steppe (forcst-stepps 
biome) The steppeland areas of the forest-steppe may con- 
tain natural foci of tick borne typhus fever or tick-bornc 
typhus, the steppe may also harbour natural foci of the 
phgve. wbtch exjejjd xnio iJbe desert and semi desert 
The southern part of the steppeland zone in Kazakhstan 
the North Caucasus, as well as the semi-desert, desert and 

‘ L. S Berg Geographical Zones of t/ie Soviet Union Moscow, 
1947 
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alpine areas of the respective latitudes, contain natural 
foci of tick-bome relapsing fever Burrows occurring in 
the deserts and semi-deserts of a number of regions in 
Central Asia sometimes harbour elementary foci of the 
Pendmski ulcer (cutaneous leishmaniasis) and the plague 

Such analysis of the relationship between the natural 
foci of diseases and individual landscapes should be earned 
out universally and detailised according to the finer topo 
graphic division of each given landscape with attention 
to the special features of localisation of areas liable to 
harbour biocenotic components typical of a given infective 
focus 

Certain diseases, tularemia m particular, are prevalent 
m a wide variety of geographical landscapes, which ac- 
counts for the former’s striking multiformity For further 
information on the subject, see N G Olsufyev’s chapter 
on tularemia included m this book 

On the boundaries between heterogeneous landscapes the 
respective fauna may happen to be somewhat mixed If 
such a mixture involves the leading components of bio- 
cenoses existing m natural foci of diseases pecubar to both 
types of landscapes, people occurring in the border area 
are exposed to the respective infections as well Such in- 
stances, however, do not exclude the fundamental con- 
nection between the natural foci of vanous diseases with 
the landscape typical for each of them The knowledge of 
this connection is of essential practical importance for the 
prevention of the respective diseases 

V 

The enormous territory of the Soviet Union has so far 
not been sufficiently studied to permit a more detailed 
division into regions according to features of local pathol- 
ogy. With the reclamation of new areas and utilisation 
of the resources concealed m unexplored terntories and 
m the bowels of the earth, there is always the possibility 



of people penetrating into localities with as yet unrevealed 
natural infectious foci Preliminary surveys of such local 
ities for possible incidence of the foci of zooanthroponoses, 
are often omitted In these cases, a careful visual appraisal 
of the characteristics of the local terrain may furnish 
grounds for suspecting the presence of various kinds of 
infective foci 

The stated facts should incite those concerned to adopt 
measures for safeguarding personnel against the attacks 
of blood sucking arthropods liable to include hungry 
vectors infected with vanous pathogens Even m case the 
latter are absent, protection against winged blood sucking 
vectors will favourably tell on labour efficiency 

Non specific protection against diseases with natural 
foci IS all the more important since specific prevention can 
not as yet be provided, the technology of vaccine manu 
facture for some of these diseases not being developed 
So far, there exists no effective vaccine agamst tick bome 
encephalitis We have drawn attention elsewhere to the 
advisability of attempting the preparation of such a vaccine 
from ticks experimentally infected with the virus, by grind 
mg the latter s viscera in glycerin with the addition of 
some kind of conservant The obtained substance should 
be tried out on laboratory animals to determine the vaccine 
titre It may be hoped that such a vaccine would prove 
more practicable for mass inoculation of people The 
aforesaid proposal of the author was published in the 
Journal of Microbiology, Epidcrnio/ogy and Immunology, 
and evoked favourable comment in the USA, it being 
noted that the vaccine used agamst Rocky Mountain spot 
ted fever is manufactured on the same principle (Philip) 
The further development of the problem calls for joint 
efforts on the part of virologists and parasitologists 

As regards non specific prevention of diseases with 
natural foci, pnmary significance should be attached to 
individual protection of people against the bites of blood 
sucking ticks and flying Diptera (punkics) The latter may 


32 



include infected vectors of viral diseases with natural 
foci. In the U.S.S.R., investigations on punkies have con- 
tinued systematically since 1935. There is plentiful scien- 
tific material on the identification of component fauna, e.g., 
in diverse volumes of The Fauna of the U.S.S.R., Guides 
for the Identification of the Fauna of the U.S.S.R., published 
by the U.S.S.R. Academy of Sciences, methodological aids 
on the study of punkie biology. 

A large number of insecticides have been put to test. 
Various ways of their use have been proposed, but an es- 
sential fault is that they have not been properly tried out 
in practice. Only preparations sufficiently tested as to 
their effects in natural conditions should be turned over 
for mass manufacture. The authors should bear respon- 
sibility for the quality of the proposed chemicals. 

In a number of cases, the lack of such responsibility 
leads to confusion. For example, when Nabokov’s smokers 
became known and the press began publicising their use 
against punkies, one article contended that the smoke from 
such appliances supposedly destroys ixodid ticks includ- 
ing specimens infected with the virus of tick-borne ence- 
phalitis. This statement met an eager response in localities 
where prevention of this disease is a matter of urgency. 
We, personally, have received a handbook printed in the 
Far East on the preliminary decontamination of future 
sites of prospecting, researdt or construction work, which 
are liable to harbour natural foci of tick-borne encephalitis. 
It was stated that special teams furnished with Nabokov’s 
smokers should be dispatched to the areas in question, 
laying the devices in staggered order and setting them on 
fire. The smoke thus obtained would supposedly kill the 
ticks, clearing the area for the proposed work. Actually, 
however. If was estabJisbed Jbal the xoestjccied smc^e bis 
no fatal effect on ticks, and hence proved useless for the 
said purposes. Misguided belief in the effects of smoke 
will doubtlessly divert attention from the simpler, but 
already well-tried methods of protection against ticks, leav- 
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ing people in hazardous territories without any means of 
protection whatsoever. 


As evidenced by long practical experience, a highly 
efficient safeguard against punkies are protective nets 
(Fig. 1) which are quite 



simple to make. The ma- 
terial to be employed 
is a standard fishing net 
of strong yarn with a 
mesh of IXI or I.5XI.5 
cm, preferably of low 
grade, as higher grades 
are uneconomical. The 
net is cut into pieces 
80X60 cm, the margin 
being hemmed with a 
nbbon for tying to the 
hat. The nets are soaked 
for several hours in a 10 
to 35 per cent solution 
of naphtholysol, with 
addition of turpentine, 
then dried in air, rolJed 


up and stored in wap- 


Fig 1 Y Pavlovsky’s repellent head- pings or oilcloth bags, 
net as used in coiJection of punkie* When going out of 
and mosquuoes on Southern Sakhalin be 


laid on the hat in such a way as to freely cover the head 
and shoulders, the face bemg left open. The ribbons are 
tied round the hat. Owing to evaporation of the repellent, 
an odorous zone arises between the net and the face, which 


drives away insects. The repellent effect persists for sever- 
al days, depending on the weather, the net being subse- 
quently resoaked m the solution and dried. 

An improved technique for applying the repellent has 
been devised by G. S. Pervomaisky and V. K. Nisovkin. 
who proposed using the substance in the form of dry bars. 
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Rubbing the bars against the net eliminates the need for 
impregnation However, this method requires further 
testmg 

For protection of the hands, K P Chagm proposed 
cuffs of the same nettmg, which are pinned to the sleeves 
so as to cover half the hands and not hinder work 

VI 

The existence of a natural focus of disease depends on 
the occurrence in the biocenosis of orgamsms whose bio- 
cenotic relationships insure the contmuous circulation of 
the mfective agent However, a biocenosis cannot develop 
and exist otherwise than withm the given biogeocenosis, 

1 e , a defimte geographic landscape A biogeocenosis, as 
defined by Academician V N. Sukachov, ‘ is formed of a 
plant community m association with the animal population 
of a given area of the earth’s surface, including the surface 
proper, with all its speaal features of atmosphere (micro- 
climate), geological structure, soil and water supply. Taken 
together, the mentioned components comprise a single 
interrelated complex 

The cited definition is sufficiently exhaustive, although 
It may be added that biogeocenoses may also occur in the 
upper strata of the earth’s crust, an example of which 
are the burrows of wild ammals, mostly rodents, which 
penetrate to a depth of several metres This, however, may 
in no way affect the general concept of a biogeocenosis, 
indicating, merely, that in every particular instance the 
latter should be carefully analysed as to structure, e g , m 
which there may be a prevalence of vegetable components 
over ammals or vice versa As regards abiotic factors, 
there may also be noticeable distinctions m seasonal or 
daily variations from the mean. 

Biocenosis may include different numbers of animal 
species bound by vanous direct or indirect interrelation- 
1 Bofshaya Sovetskaya Encyclopaedia, 2nd ed, Vol 5, p 180 
3* 35 



ships Orientation and purpose of research are of major 
significance m the study of biocenoses If the aim is to 
elucidate the epidemiological and epizootological impor- 
tance of a given biocenosis, the emphasis should be laid on 
revealing the components acting a distmcUve part m the 
circulation of the pathogen of the disease, whose natural 
focus should be subjected to multilateral investigations 
by experts of all the specialities required In areas contam- 
ing natural infective foci it is necessary to single out the 
animal donors, vectors and recipients of the causative 
agent, which represent the leading components of the given 
biocenosis 

A natural focus of disease continues to exist if and while 
the biocenosis and harbouring area remain intact, and if 
conditions of microclimate remam favourable throughout 
the period of continual circulation of the pathogen among 
the pnncipal components of the biocenosis 

A natural focus of disease ceases to exist m the follow- 
ing cases when the key components of the biocenosis 
fall out and the circulation of the causative agent stops, 
when the focal area undergoes unfavourable changes 
(drainage or irrigation), when its geomorphological har- 
bourage IS destroyed (ploughing up and destruction of 
burrows and other biotopes), when microclimatic factors 
and especially humidity change drastically (eg, flooding 
of burrows), when the focus is invaded by Carnivora 
which extermmate the key components of the biocenosis, 
and when for various reasons the biocenosis itself disin- 
tegrates 

The viability of a natural focus of disease depends on 
vhere and how long the infective agent may survive total 
or partial disruptions of the biocenotic structure, provided 
that the latter leave the pathogen’s harbourages mtacL 

Ample illustrations in this respect may be cited from 
the work of numerous Central Asiatic expeditions under 
the author’s supervision devoted to investigation of natural 
foci of tick borne spirochetosis (relapsing fever) Foci of 
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this disease commonly develop in dwellings and services, 
crude structures, etc Their mamtenance requires the 
existence of -mammal hosts, eg, rats, and tick vectors of 
the genus Omithodorus 

Buildings of local raw bnck or blocks are not durable 
and easily fall to rum when abandoned or neglected In 
such cases the rats which they harbour disappear, while 
the resident Omithodorus paptlhpes, bemg averse to migra- 
tion, remain where they are and starve Observations 
earned out by A N Skrinnik at the tick laboratory, 
general biology and parasitology department, Kirov Md- 
itary Medical Academy, on O papillipes from a unique 
collection of live ticks of the genus Omithodorus, demon- 
strated that they may starve for 14 years and, if infected 
with spirochetes of relapsing fever, will transfer the patho 
gen to susceptible animals at the very first meal 
Thus, by comparing laboratory and field observations, 
it IS easy to see why vector ticks, bemg capable of pro- 
longed starvation, can contmually maintain the pathogen 
of relapsing fever despite the destruction of the respective 
natural foci When visitmg such rums as desenbed, even 
by day, a person is exposed to infection from the bites 
of hungry ticks Hence, the possibility of complete revival 
of the foci m cases when the aforesaid buildings are used 
for sheltenng cattle, etc 

The natural foci of diseases whose key vector are ticks 
firmly settled m their biotopes and dismclmed to migrate 
to new habitations, exert their effects on man either 
through direct contact or in case of man’s sojourn in the 
biotope proper where he may contract tick borne spiro 
chetosis 

The natural foci of diseases with actively mobile vectors 
such Qs blood sucking fl5nng Diptera (sandflies, mosquitoes, 
etc) may affect people at considerable distances, since the 
insects leave the burrows serving them for daytime shelter 
or oviposition and attack human beings Such, for example. 
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IS the case with the desert form of Pendmski ulcer (cutane- 
ous leishmaniasis) 

Dunng reclamation of deserts and semi-deserts, in the 
very first summer the sandflies comerge from rodent 
burrows and settle round newly built domiciles, whereby 
the desert form of cutaneous leishmaniasis is transformed 
mto Its equivalent urban form (P A Petrishcheva) 

vn 

The problem of eliminating infectious and parasitic 
diseases on the territory of the U S S R has of late been 
put forward on an increasing number of occasions, not 
infrequently, as a target for the nearest future The cam 
paign against malana. however, took dozens of years of 
hard work on the part of a widespread network of anti- 
malarial institutions— from institutes to local stations and 
outposts which were staffed by a whole army of physi 
Clans— malariologists, medical entomologists, land reclama- 
tion experts and auxiliary technical personnel 

V V Pann, Academician Secretary of the Presidium of 
the USSR Academy of Medical Sciences, in his report 
“On the Tasks of Medical Science in the Light of the Deci- 
sions of the XXI Congress of the C P S U “ delivered at 
the XIII plenary meeting of the Academy (Apnl 1959) 
said the following “Acknowledging that ^e problem of 
eliminating infectious diseases constitutes one of the key 
targets of the Seven Year Plan, the Presidium of the 
USSR Academy of Medical Sciences has decreed the 
establishment of a committee for promoting the elimina- 
tion of infections, which has been authorised to draw up 
a seven->ear plan of work directed towards this purpose” 

The Presidjum has already approved a newly-devised 
classification of diseases according to the prospects of 
their elimination The first group compnses infections in 
regard to which there exist the practical requisites for 
total elimination or suppression of their epidemic forms 
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i.e., for reducing their incidence to the level of sporadic 
cases (malaria, diphtheria, enteric fever, etc.). The second 
group involves infections the spread of which is to be cut 
down drastically, permitting the subsequent implementa- 
tion of measures envisaging full epidemic control (polio- 
myelitis, tick-borne encephalitis, ascariasis, tularemia, 
leprosy, etc.). The third group are diseases, the funda- 
mental requisites for the elimination of which already 
exist, but which require either additional investigations, 
or ,the overcoming of a number of organisational or ma- 
terial handicaps, due to which only a considerable reduc- 
tion of morbidity and mortality may be planned for the 
nearest future (acute intestinal infections, whooping cough, 
epidemic parotitis, tuberculosis, brucellosis, Q fever, etc.). 
The fourth group covers infections in regard to which the 
possibility and time limits of elimination cannot as yet be 
established in view of the existence of still unsolved funda- 
mental theoretical and methodological questions (angina, 
influenza, infective hepatitis, measles, scarlet fever, 
chlckenpox, German measles). 

As regards diseases with natural foci, elimination of the 
latter necessitates destroying the basic structure of their 
fod which is responsible for the intrafocal circulation of 
the pathogen. By and large, the route of circulation of the 
infective agent is determined by the presence in the focal 
biocenosis of such key components as animal donors, re- 
cipients and vectors of the pathogen. The latter present 
the biotic factors of the natural focus, their existence and 
faiocenotic relations, however, in turn depending on abiotic 
environmental factors — climate, microclimate, geomorpho- 
logical features of the area — ^i.e., the circumstances under- 
lying the existence of the biqgeocenosis harbouring the 
natural focus of disease. All these, however, are dominated 
by the activity of man, which directly or indirectly affects 
the biocenosis of the natural focus and the integrity of the 
focal terrain. In this respect, the activity of man is regarded 
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as a combination of social factors comprising man's un- 
conscious or purposeful influence on nature 
The settlement of previously uncultivated areas, such as 
the taiga, leads to the disappearance of the associated 
natural foci of tick-bome encephalitis On the other hand 
It has been noted that the seasonal collection of bemes 
and mushrooms near settlements is accompanied by fresh 
outbreaks of the aforesaid disease The latter occurs in 
places where the natural foa of encephalitis, although con 
siderably weakened owing for example, to the reduced 
number of vector ticks, have survived 
With the increased influx of population into such wood- 
land and prolonged close contact with the vegetation, 
there is a growing hazard of tick attacks and contagion 
The elimination of natural foci of disease presumes the 
adoption of measures of three kinds affecting (a) the area 
harbouring the foci, <b) the focal biocenoses and (c) the 
population proper, viz . (1) educational instruction as to 
the most likely time, places and circumstances in which 
people are exposed to the hazard of contracting diseases 
in their natural foci descnption of the mam features of 
a natural focus and the precautions to be taken against 
attacks of vectors of the infective agent, sanitary anti- 
epidemic propaganda through posters, leaflets popular- 
scientific literature, films, etc and furnishing every means 
of individual and collective protection including repellent 
ointments and nets, automatic spraying devices equipm^it 
for treatmg tick ridden areas with aerosols smoke and 
insecticides, land reclamation machinery, etc , (2) mass 
vaccination and provision of matenal for such 
Decontamination of the lemtory is accomplished in 
vanous ways, depending on the character of the associated 
.uaturoJ /ofj rvf disejLse !nie process may compnse a single 
stage and be effective for one season only, like the burn- 
ing of grass m steppeland areas in order to destroy hungry 
Dermaccntor ticks — ^vectors of nckettsial tick borne typhus 
fever which lurk In ambush upon the grass stalks on emer- 
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gence from hibernation. In some ‘localities such measures 
have to be repeated every spring, observing the necessary 
precautions against fire. More radical measures to the 
same effect, involving, as it were, complete overhaul of 
the terrain, require the accomplishment of a succession 
of reclamatory operations such as cultivation of forest 
areas, suppression of undergrowth, etc., over a number of 
years. All such measures, which are of direct economic 
importance, should be carried out with a view to sanitation 
purposes as well. 

The aforesaid recommendations are of a general nature, 
to be modified in each particular instance in conformity 
with the basic purpose, place, time and circumstances 
attending the work. 

In conducting operations for control of the natural foci 
of disease, the experience of earlier undertakings in this 
field should be borne in mind. Thus, we may call attention 
to the outcome of a number of expeditions on cutaneous 
leishmaniasis carried out under the gxudance of Professor 
N. I. Latyshev, sponsored by the medical parasitology 
department of the former VTEM. After a series of prelimi- 
nary investigations, an experimental attempt was made at 
eradicating the natural foci of the desert form of cutaneous 
leishmaniasis in the neighbourhood of a construction proj- 
ect on the river Murgab (Turkmenia). The rate of infection 
among workers had been considerable. Daily, about fifty 
people appealed at the local dispensary for dressing. Sand- 
flies were in abundance and the population slept under bed 
nets. ( 

The focus was to be destroyed by chloropicrin poisoning 
of all the gerbil burrows within 1-2 kilometres around the 
settlement. Altogether, approximately 0.5 million burrows 
were poisoned and blocked with earth. The result was the 
destruction of the hosts including gerbils afflicted with 
cutaneous leishmaniasis, and the extermination of sandflies, 
vectors of the pathogen, which reproduced and spent the 
daylight hours in the burrows, the -latter, too, being ren- 



dered unusable for new gerbils and sandflies The poison 
was applied in a single operation, the results being checked 
within a year by a specially appointed commission 
The commission stated that the incidence of cutaneous 
leishmaniasis among adults had been reduced to zero onlj 
four boys were ill, and the population slept without bed 
nets It \\ as revealed however, that new burrows of gerbils 
had begun to appear around the periphery of the sterilised 
belt surroundmg the construction site, which evidently 
was the beginning of resettlement of the old area by the 
pest In the first year, the process had no epidemiological 
consequences, but it is logical to foretell the resultant 
ultimate recovery of the old natural focus of Pendmski 
ulcer 

Hence, a single campaign proves insufficient to eliminate 
a natural focus of a given disease A special service should 
be set up to keep the focus under control to observe the 
process of regeneration of the focus on earlier treated 
territory, and to suppress any initial symptoms of such 
regeneration This is much easier and cheaper than to 
reapply the entire control system on natural foci regenerat- 
ing on earlier treated terrain 

The stated considerations are of a general nature their 
concrete implementation depending on the specific features 
of every particular disease with natural foci 
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TICK-BORNE ENCEPHALITIS 


Synonyms Taiga, spring summer. Far Eastern, Siberian 
encephahtis Eastern tick borne encephalitis, spring en 
demic encephalitis, spring summer menmgo encephalitis, 
Russian ficfe borne spring summer encephalitis, Fruhhngs 
encephalitis, encephalite du prmtemps et de V&t^, encepha 
Iitis del 5e;ano Onente 

Tick-bome encephalitis is an acute' viral disease with 
natural foci, mostly affectmg the central nervous system, 
and typically harboured on woodland terrain Its vectors 
and principal reservoirs are ixodid ticks The disease was 
first defined as an independent nosological unit by Soviet 
researchers (L A Zilber, A G Panov, E N Levkovich, 
A K Shubladze, M P Chumakov, V D Solovyov) m 1937 

Incubation lasts for a period of 10 to 12 days, less often 
varying from 7 to 21 days Occasionally, 1 or 2 days prior 
to onset, the patient evinces general malaise and slight 
pams m the muscles of the neck, waist, extremities and 
head The feelmg of weakness in -^e arms may be accom 
panied by slight numbness (sometimes m one arm only) 
A frequent occurrence are giddiness, nausea, unaccount- 
able fear and anxiety 

iVfore often than not, the disease begins abruptly, with 
such clear cut manifestations that the patient remembers 
even the hour of its onset Independent movement becomes 
Impossible Body temperature may rise to 38® C and on the 
second day to 39-40 5® C The acute stage goes on from 7 
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to 8, seldom 12 to 14 days The temperature falls lytically 
dunng 2-3 days, but may again nse to subfebnie level 
Often there is nausea, vomiting, severe headache, es- 
peaally when turning the head or eyes The pulse is slov,. 
the occipital muscles are stiff, stvallowing obstructed, 
tongue only partly mobile Paraljsis of the neck and upper 
limbs may occur on the very first day Frequently observed 
are loss of consciousness, delirium, sleepiness Children 
may have epileptic attacks and convulsions In particularlj 
severe cases death occurs in the acute penod Lethality 
may be 5 to 20 per cent and more 
The disease is known to assume a moderate, abortive or 
mild course Sequelae include residual muscular paralyses 
of the neck and arms (A G Panov, A N Shapoval et al ) 
The farther north, the less severe is the course of the 
disease, with increasing incidence of formes frustcs, which 
may sometimes complicate or confuse diagnosis 
Distribution Besides a number of areas in the taiga and 
forest biomes of the U S S R , foci of tick*bome encephalitis 
are met in North Eastern China, Czechoslovakia, Poland, 
Yugoslavia, Bulgaria, Hungary, etc There are also mdica* 
tions of similar diseases in the tropical forests of India 
affecting monkeys The causative virus has been isolated 
from Haemaphysalis (Work, J958) 


inSTORY OF RESEARCH 

As a specific neuroinfection, tick-bome encephalitis v.as 
first recorded m the Far East by A G Panov (1934) At 
the begmmng of development work m the taiga, the 
USSR People’s Commissariat of Public Health was noti- 
fied of the appearance of severe cerebral diseases "fthich 
occurred among lumbermen and other people entenng the 
taiga Immediately, expeditions were organised under the 
auspices of the said Commissariat and VIEM (All-Union 
Institute of Experimental Medicme) 
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The first expeditions included specialists in vanous 
fields — ^virologists, parasitologists, zoologists, neuropatho 
logists and epidemiologists Such a selection of personnel 
ensured a speedy solution (only in 3 years time) of all 
basic problems regarding the calmative agent, vectors, ex- 
posure and many others The data obtamed m the first 
years (beginning with 3938) provided a scientific basis for 
developing general tick control measures and a number 
of individual and public safeguards for practical imple 
mentation by the public health service In the same years, 
specific prophylactic means i e , vaccine and serum, were 
elaborated 

The research work on tick borne encephalitis and other 
diseases, played a major part in the ongm of the theory 
on the natural focality of human diseases, imtiated by 
Y N Pavlovsky (1938) and successfully developed with 
the participation of numerous disciples, followers and 
collaborators 

Subsequent research on tick borne encephalitis furnished 
data for establishing the prevalence of its natural foci 
m extensive woodland areas of the Soviet Union 

DISEASES SIMILAR TO TICK BORNE ENCEPHALITIS 

1. Two-Wave Tick-Bome Encephalitis 

Synonyms Milk fever, two wave milk fever, two wave 
memngo encephalitis 

The disease ensues with a two wave temperature rise 
after ingestion of raw goat milk or derivatives of the latter 
(cheese, curds) During the season when the ticks parasitise 
animals, the causative agent invades goats, whose milk 
becomes a source of lofectioa for man The incubatnm 
period in these cases lasts from 9 to 14 days Contagion is 
likewise possible from bites by Ixodes persulcatus and 
Ixodes ricmus, when incubation lasts from 5 to 7 days 
The onset is abrupt, with headaches, nausea and vomiting 
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High temperature persists for 5 to 8 days, following \\hich 
the patient feels almost well After that comes a second 
temperature rise, which contmues for 10 days The second 
attack IS usually more severe, with symptoms of cer^ral 
lesion 

The seasonal prevalence of the disease is similar to that 
of tick borne encephalitis (A A Smorodmtsev, M P Chu- 
makov et al ) The source of infection lies in natural foci 

Many authors consider tick borne encephalitis and two- 
wave fever to be synonymous, the clinical distinctions 
depending on the routes of infection 

2. Omsk Hemorrhagic Fever 

The course includes one or two waves of high tempera 
ture contmuing from 4 to 12 days Typical symptoms are 
nasal, utenne, gingival, and mtrarenal hemorrhage, hemor- 
rhagic rash on the skm, and m some cases bronchial 
pneumoma 

The causative agent is a virus having much in common 
with the pathogens of tick borne encephalitis and two- 
wave meningo encephalitis The vectors are the ixodid 
ticks Dermacentor pictus and Dermacentor marginatus 
(M P Chumakov, G I Netsky and T N Zakorkina et al ) 

CAUSATIVE AGENT OF TICK BORNE ENCEPHALITIS 

The causative agent is a filtrable virus 20 to 30 m p in 
size, discovered by Soviet sDentists (L A ZiJber, 
E N Levkovich, A K Shubladze, M P Chumakov, 
V D Solovyov, 1937) Its presence m the blood may be 
revealed in the first 6 to 8 days of infection The virus 
reproduces and concentrates in the nerve tissue 

Specific virucidal antibodies neutralismg the virus de- 
velop in the blood of post convalescents on the I5th day 
from onset The formers presence may be detected 12 or 
even more >ears after infection Antibodies have also been 
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found in people never afflicted with the disease, but living 
m the foci and exposed to tick bites The explanation to 
this fact was given in experimental works by Y N Pav 
lovsky and V D Solovyov (1940) The virus is successfully 
grown on chicken embryo and tissue cultures A common 
reactor is the white mouse 

VECTORS 

The chief vectors of tick borne encenhalitis in the 
USSR are Ixodes persulcatus P Sch and Ixodes ricmus 
L In certam southern areas of the Far East the prmcipal 
vectors are ticks of the genus Haemcphysalis The vectors 
are sometimes spread over considerable areas, both adults 
and nymphs and even larvae attacking man In some 
habitats (small enclaves of steppe surrounded by woodland 
particularly on south facmg foothills, on the border be 
tween woodland and steppe, or in woodland copses m the 
steppe) D silvarum 01 (Figs 2 4) may also have epidemic 
logical importance 


Vector Distribution 

Ixodes persulcatus occurs throughout the southern part 
of the taiga, from the Baltic Sea to the Pacific Ocean, m 
cludmg South Kamchatka, Sakhalm, the Kuril Islands, and 
the mountain taiga of the Far East to the south of the river 
Amur The northward spread of Ixodes persulcatus is 
limited by climatic factors (summer warmth during vege 
tative period, low winter temperatures, permanently frozen 
soil) Hence in the more favourable climatic conditions 
of Europe, in the north west of the USSR, the northern 
boundary of its range passes through the northern taiga 
(63® N Lat), gradually descending southward into the 
temperate taiga of the eastern part of the country (62® 
N Lit). Western Siberia (61® N Lat) and southern taiga 
of the Far East (53° N Lat) In the south of its range it 
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occurs m European mixed forests, m pure hardwoods 
(54® N Lat ) and in the mountain taiga of the Tien Shan 
(42° N Lat ), Altai and Savan mountains (G V Serdyu 
kova, 1956) 

I persulcatus is unevenly distributed through the forests 
Its numbers are largest m woodland biotopes harbouring 
the hosts of adult ticks — wild ungulates — or on the grazing 
grounds of domestic cattle The usual habitat of these ticks 
are softwoods with considerable inclusions of small leaved 
hardwood species The ticks concentrate near forest trails 
roadsides cleanngs watering places of ungulates and 
other places frequented by the hosts of adult ticks 
(G V Serdyukova 19o6) 

I persulcatus begins to attack its hosts early m spnng 
after snow thaw The first ticks usually appear on well 
sunned forest outskirts clearings and southward facing 



Fig 2 A tjTJical hab tat of ffacmoph> satis concmna In tick ^mc 
encephalitis foci Southern Pnmoo* (P A PetrishchsNa 1915) 



Fig 3 First buildings m Stkhote Aim taiga In such condt 
tions lYodcs pcrsulcatus often penetrates into dwellings 
attacking man (V E Sidorov 1957) 


hill sides All three active stages prey m the first half of 
the warm season Adult specimens are particularly numer 
ous in the end of Mav and the begmnmg of June, com 
parativcly seldom attacking their hosts in the beginning 
of July The larvae and nymphs may also occur in notable 
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Fig 4 A birch grove early m spring (beginning of foliation) \irgn 
land Kustanai region Focus of tick borne encephalitis with me dence 
of Ixodes pcrsulcotus (P A Petnshche\a J954) 


quantities on small vertebrates m the end of summer In 
the southern boreal taiga the development cycle covers 
three years with winter diapauses m the larval and 
nymphal stages With a prolonged vegetational period (as 
m the Ussun forests) part of the tick population completes 
Its development m two years, oumg to omission of the 
wmter diapause from the nymphal stage of the cycle 
whereby, after moulting the nymphs may complete their 
feeding in the first half of summer The ticks can hibernate 
m any of their active phases (G V Serdyukova 3956) 

In the European USSR,! ricmus ranges from Karelia 
to the southern state boundary, and from the country s 
western borders to the eastern banks of the Volga Its 
habitats occur m mixed forests (hardwood softwood) hard 
woods and scrub biotopes Occasionally, it Is found In 
number in the woodland biotopes of the elk in combined 
grassland and scrub communities — the favourite breeding 
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grounds of hedgehogs, and on the forest and scrub covered 
grazing grounds of domestic cattle (G V Serdyukova, 
1956) The ticks attack their hosts all through the warm 
season In the southern USSR the seasonal preying 
curve of adult ticks shows two peaks, the higher of which 
IS in May June, and the lower in August September In 
the north of their range, the quantity of adult ticks reaches 
maximum once in a season — in July August, while the 
number of larvae and nymphs is highest in the first half 
of summer The development of each stage takes a year, 
hence, the life cycle is completed m four years In the 
south the winter diapause is omitted from the oval stage, 
and the cycle, therefore, terminates m three years 

Natural foci of two wavemeningo encephalitis (European 
or western varieties) are associated with the mcidence of 
I ricinus, whose north western range partly coincides with 
that of I persu/catus In the European part of the country 
there are foci of tick borne encephalitis containing both 
I persulcatus and I ncmus, with a prevalence of the 
former The range of D silvarum covers Kemerovo Region, 
Eastern Altai, Eastern Siberia, Transbaikalia and the Far 
East to the south of the river Amur In the Kuznets Basin 
the northern boundary of its distribution coincides with 
the northern margin of the forest steppe, and the western 
with the upper reaches of the nver Ob (V M Popov, 1955) 
In Touva it has been revealed only in the alpine taiga zone 

The beginning of activity of adult ticks in the south of 
the Pnmorye Territory is mid March, the end m October 
The seasonal preying curve shows two peaks, the number 
of ticks m spring (May) being considerably greater than 
in autumn The larvae occur en masse in the first half of 
summer, the nymphs — in July August In winter, the males 
find refi^ge on wild ungulates The life cycle is annual, 
with a winter diapause in the adult stage (G V Serdyu- 
kova, 1956) 

The range of Haemaphysahs concmna is intermittent 
In the West, this species is widespread in the hardwoods 
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of Europe, the Crimea, the Caucasus and the Far East The 
extreme north western limit of its discovery in the U S S R 
IS in south western Byelorussia In the Far East, the tick 
does not occur further north than SI** N Lat Between the 
eastern and western regions of its distnbution the lick is 
occasionally found in mountain forests with admixtures 
of small leaved varieties in such areas as Uzbekistan Kir 
ghizia, the Sayan Mountains and Western and Eastern 
Sibena In the Far East mature forms attack their hosts 
from the begmning of April to the first decade of Octobe- 
Maximum activity is m June (Z M Zhma>eva 1941 
N M Moiseyenko 1954 et al) The greatest activity of 
the larvae is observed m June July, and of nvmphs m 
July August Males occur on wild animals in November, 
January and February In Transcaucasia mature ticks feed 
from March to Seotember with a maximum in June, the 
larvae being active from March to October, and the nj mphs 
from April to November (B I Pomerantsev, N V Mati 
kashvili, 1940) 

Isolation of the Virus from Ticks 

The occurrence in nature of ticks of the species I per 
suIcQtus, D silvarum and H concmna spontaneously m 
fected with the virus of tick borne encephalitis was first 
established m the Far East in 1937 Dunng a blood meal 
the ticks transmitted the virus to a mouse (A N Sknnnik 
and N V Ryzhov) The results of expeditions conducted 
m 1938 and 1939 (A K Shubladze, G V Serdyukova 
N V Ryzhov, A N Sknnnik, A V Kozlova, V D So’o 
vyov) revealed the occurrence of spontaneously infected 
ticks m all localities with recorded cases of the disease 
Most of the virus strains were isolated from hungry and 
engorged males and females of the species I pcrsulcatus 

The success of isolation depends on the season and spe 
ciflc features of tick biotopes (Y N Pavlovsky, 1947) and 
may vary annually In the Suputmsk forest reserve (Ussuri 




Fig 5 Circulation of tick-bome encephalitis From the donor (D) 
the virus Is transmitted to tlie recipient (R) which during virusemia 
may serve as donor for fresh licks ( T) whic h become vectors trans- 
mitting the virus to new recioients j R | D | denotes one organism, 
ITI 

stands for one and the same tick specimen 

A tick may '^nvey the virus to mao (M) but here practically the 
chain will end, the human body presenting a "bbnd alley'’ for the 
virus 

I, 11, in denote the successive stages of virus circulation 

region) 27 strains of the virus tvere isolated in the first 
half of the summer of 1939 (N. V. Ryzhov, A V. Kozlova) 
By the end of the same summer, however, not a single 
strain of the virus could be revealed (V. D Solovyov), 
while m the first half of the next summer (1940) 6 strains 
were obtained (I. A. Moskvin). According to V. M. Popov 
et al (1957), in the Tomsk focus the virus is more often 
and easily obtained from ticks m early spring and the 
beginning of summer, and from animals in the second half 
of summer and in autumn. As reported, the virus of en- 
cephalitis may spend the.wmter in the body of I. persul- 
catus (E. N. Levkovich, A N. Skrinmk, 1940). 


All the above named tick species are tnhostal, i e , m 
each stage of its development the tick feeds on a frUh 
host In each species, all three metacyclic stages have been 
found to transmit the virus — a phenomenon called trans 
stage transmission (A K Shubladze, G V Serdjaikova 
1939, A N Sknnnik and N V Ryzhov, 1941, A V Kozio 
va and V D Solovyov, 1941, M P Chumakov, 1939, 1944 
A L Dumina, 1957, et al) The transmission of the virus 
from the female to its progeny (transovanal transmission) 
has also been proved for I persulcatus (A K Shubladze 
and G V Serdyukova, 1939, M P Chumakov, 1944) and 
H concmno (A V Kozlova and V D Solovyov, 1911) 
Generation to generation transmission of the virus in I 
persulcatus has been established as well (M P Chumakov, 
1944) 

In subsequent years, strains of the virus in question vv ere 
repeatedly isolated from the said tick species by many 
authors and in various foci Recently, strains of the virus 
vrere obtained m Siberia from ticks of the soecies 1 plum 
beus Leach , collected from sand martins (Y V Fyodorov 
and M K Tyushnyakova 1958) and D marginatum 
(M K Tyushnyakova, V M Popov et al , 1959) and in 
the Pnmorye territory of the Far East from H japonica 
douglasi (L V Tatarmova and N P Belikova, 1958) The 
circulation of the virus In the bodies of I persulcxitus and 
H concmna has been studied by Y N Pavlovsky and 
V D Solovyov (1940 1941) An active form of the virus 
was revealed m the blood, ovary, nerve ganglion and 
salivary glands of I persulcatus A less active strain 
was found m the salivary glands stomach and ovaiy of 
H concmna M K Tyushnyakova (1955) notes the annual 
fluctuations of infection in / persulcatus in the south of 
the Tomsk focus of encephalitis, which was 3 per cent in 
1950 1 6 m 1951, 3 2 in 1952 and 2 1 per cent in 1953 The 
highest percentage of infected ticks was revealed in 
southern, and the lowest in northern areas 



Experimentally infected ticks of the species 1 persul- 
catus reveal the virus irregularly, which becomes more 
mamfest with the progress of metamorphosis and m subse 
quent generations The ability to receive the vims and 
maintain it m subsequent metacyclic stages depends on 
the degree of virusemia in the donor’s blood When ticks 
are fed individually on diseased white mice, not all the 
former develop infection (e g , 2 nymphs out of 18, and 3 fe- 
males out of 13) Transovanal transmission is likewise ime 
ven, the virus not bemg transmitted to the entire progeny 
Not all the tick specimens mgestmg the virus during blood 
meals will retain it further When non mfected and mfected 
ticks are fed simultaneously, the former will receive the 
virus easier if fed on suckling animals On adult animals, 
the ticks are not infected throughout On immune animals 
and their suckling progeny, infection does not occur at all 
(A L Dumina, 1957) 

Studies on virus inadence m ticks are the first and most 
customary procedure in determining the epidemiological 
importance of any focus of tick borne encephalitis As a 
rule, the ticks reveal the vuns more frequently than do 
mammals or birds Hence, when investigating foci, the 
usual practice is to test ticks for incidence of the virus, 
and vertebrates — ^for virucidal antibodies The virus of tick- 
bome encephalitis was isolated from Gamosidae (E N Lev 
kovjch and A A Tagiltsev, 1957) and fleas (A K Shubladze 
and N I Kalabukhov, 1944, Y V Fyodorov, M K Tyush 
nyakova and N I Igolkm, 1959) 

Determination of Tick Species and Their 
Importance in Foci of Tick-Borne 
Encephalitis 

When determining the tick fauna of a given focus, the 
primary task is collection of live ticks from the taiga area 
under survey, which may be either completely virgin or 
Visited by people engage in various development work 
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(road building, timber felling, erection of temporary or 
pGrmanent structures) or other economic activities (cattle 
grazing, vegetable gardening, ploughing, haymaking, etc) 
The same applies to forests previously affected by man 

The purposes of tick collection may be different, viz , 
identification of the local tick fauna and study of its annual 
metacyclic dynamics, determination of preying seasons 
and the fullest possible identification of the range of its 
hosts Ticks removed from the clothing and bodies of 
people are collected and stored separately Live ticks are 
used to determine the duration of different metacyclic 
stages, larvae and nymphs being reared to the stage of 
imago for the purpose of correct classification 

The ticks are tested for possible spontaneous infection 
and also experimentally infected to assess their potential 
importance as vectors m natural environments In the 
laboratory, they are studied for stage*to stage and trans 
ovarial virus transmission, the latter to be observed on a 
senes of descendant tick generations, since up to now the 
phenomenon has been clarified only for two successive 
generations Live ticks are required for studies on various 
aspects of their vital activity, as well as for laboratory and 
field investigations on the efficiency of different acancides, 
etc , etc 

Ixodid ticks are collected while hungry, chiefly on open 
spaces in nature and in the vicinity of man It is likewise 
necessary to collect ticks attached to their hosts for con 
venience choosing those which have climbed on the host 
but have not vet selected a spot for suction The majority 
of ticks found on animals are usually fully or semi engorged 
and, consequently, fall off the host and may be found 
on the ground or in sheltered abodes where thD> crawl to 
lay eggs In winter time, in the south ticks mav be found 
among the fur of goats and camels where it is war 
mer than outside Hunters should be asked to examine 
killed hares or other animals and collect all ticks dis- 
covered 




Fig 6 Devices used for collection of ixodid ticks 
A— flag, B— cloth hauler, C— scraper, D— screen, E—probe 

In foci of tick-borne encephalitis, usually associated 
with taiga of definite botanical composition or forests 
affected by age-long human activity, special methods of 
collection should be used, some of which are described 
hereunder. 

Mature ticks are collected in nature by means of a flag, 
cloth hauler or scraper. A collecting flag is made of 
flannel 100X60 cm in size which is secured to a stick 
(Fig. 6). The cloth hauler presents a piece of flannel 
125X60 cm in size, into whose narrow hems wooden slicks 
or wire rods are inserted. The cloth is tied to a 50 cm stick 
by means of a string. A scraper is made of a piece of 
plywood 50X-40 cm in size covered with flannel and diago- 
nally fixed to a handle (B. I. Pomerantsev and G. V. Serdyu- 
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kova) A V Mishin employs a haulmg cloth 120X60 cm 
in size with its narrower hem secured to a limevtood fork 
The same implements and cloth dimensions should be used 
throughout the entire season of observation 
The surveyor slowly hauls the device over the under 
growth on his right hand side or m front The collected 
ticks should be taken off every 2 or 5 minutes At longer 
intervals between inspections part of the earlier collected 
ticks may be lost especially when passing the device 
through the rougher parts of plants and shrubbery 
The abundance of ticks in various habitats is determined 
by the number of specimens collected from the flag per 
hour (flag hour) or removed from the collector himself 
(manhour) or from I kilometre of the distance covered 
in a unit of time In the latter case a pedometer is used 
previously measuring the distance normally covered by 
the collector at a single stride On rough or deadvvood 
littered terrain the ticks are counted by flag or man hours 
which however provides but a very rough estimate 
Tick counts should be accompanied by meteorological 
observations conducted along the route Air temperature 
and relative humidity should be measured at 2 cm 50 cm 
(grass level) and 120 cm above ground Litter temperature 
should be taken at a depth of 1 to 5 cm Relative humidity 
may be measured with an August or Assmann psychro 
meter If possible light intensity (m luxes) is measured at 
litter level (under the foliage or beneath clearings) 

The vertical distribution of ticks m scrub growth is 
measured with a screen made of poles two metres long 
fixed together transversely with 75 cm bars This frame 
IS covered with white cloth lined into transverse stripes 
25 cm high Two workers haul the screen through the 
grass or I’ow shoibbecy m a positioci ss dcse ?£• vcriicj} 
as possible After every fifteen or twenty paces the screen 
IS examined noting the height of tick attachment (B I Po- 
merantsev G V Serdyukova 1939) All the data on ticks 
are entered in a field journal (see record forms applied) 
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r.eW Jotirml for Tick AcUmIj Data Collcclcd on Route 
stance trom route starting point and number of ticks per 20 m I ^^,3, number of ticks 
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Data obtained from field records 


Hungry larvae and nymphs poised on the tips of grass 
blades are gathered by means of a scraper dragged force 
fully along with its narrow edge to the ground (covered 
with low grass), periodically collecting the adhering larvae 
and nymphs On more open forest glades, a to\vel on U\o 
handles is smoothly drawn over the growth 
A large amount of pre imago forms, especially larvae, 
may be collected on a flag slowlv hauled around stumps 
This circumstance indicates the oossible occurrence of 
egg deposits along the root tunnels and in the pockets 
between the roots proper In the forests of the Leningrad 
region, larvae have been found m profusion around stumps 
in the end of May (P A Petrishcheva) 

For regular long term observations of tick behaiiour, 
quadrangular plots with vegetation measuring from 5X5 to 
100X100 m and more are isolated by planks or ditches 
The ticks are Jet out on the plots, observing their dispersal 
In the Suputinsk forest reserve, 1 persulcatus were proved 
to be aware of human scent The ticks concentrated at 
the side of the plot facmg a pathway frequented by people 
On experimental plots, the number of ticks taken from 
identical habitats may be set at will, systematically observ- 
ing their behaviour, i e , metamorphosis, length of slarva 
tion in various stages, wmtenng, migrations, variations of 
activity during the season or day and night under diffe-cnt 
weather conditions, etc For each of these purposes sep- 
arate plots of different size and character are chosen It 
is important to note the local situation in regard to direct 
and dispersed sunlight, as well as features of fo'cst litter 
humidity, warmth, etc In alpine regions, simultaneous 
observations should be made on northern and southern 
slopes Iw s\ich cases the ume d\(terewee the begicnvag 
of tick activity may comprise from 30 to 45 dajs If the 
area under survey contains rodent burrows, the latter s 
content should be taken and inspected for ixodid ticks Of 
special interest are snow covered nests of rodents abound 
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Fig 7 Comparative population of Ixodes persul 
catus m neighbourhood of Vangow township 
southern flanks of Sikhote A!in (P A Petrishche 
va 1946) 


mg m Gamasidae which should be collected shortly after 
spring thaw 

In the taiga, route collections of hungry ixodid ticks are 
conducted m areas passed by animals on their way to 
watering places or frequented by people Observations by 
B I Pomerantsev and G V Serdyukova in the Suputmsk 
reserve showed that even on the trails proper the distnbu 
tion of ticks may vary tvidely When collections were ex- 
tended deeper into the forest, outside the trail, the number 
of ticks was observed to fall rapidly, to the extent of 
complete disappearance This frequently occurred at a 

s de Heaps of deadwood or timberwork refuse harbouring 
small animals should be examined with special care 
A notable increase in the number of ticks may be ob 
served m the resting places of larger game, usually de- 
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E3 Mature Uc/i$ Nymphs CD lor/sf 


Fig 8 Comparative population of Ixodes pcrsuJcalus m Sikhote 
Aim Mountains Krasnoartneisk district Primorje territory Figures 
over columns denote collections per flag hour (P A Petnshcheva 
1957) 

tected by the depressed growth Abundant collections were 
made near watering places and especially along game 
trails leading to salt patches regularly visited by large 
game 

Parallel observations are made to clarify the features 
of habitats in nature and on terrain modified by human 
activity Investigations of various habitats for tick infest 
ment afford a vjvid picture of the mosaic of tick distribu 
tion permitting the establishment of localities with the 
greatest hazards for man (Figs 7 9) 

Data characterising the foci of tick borne encephalitis 
are ofriarfrerf daring gecr&oteiwcszf surwys o! phnt 
munities noting the geographic location relief and type^ 
of soil An example of such survevs is the work of the 
botanist Pisvaukova carried out near Obor Khabarovsk 
territory In 1941 she singled out and described Individual 
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Fig. 9 Comparative population of ticks gen. Hacmaphysa!is 
on an island in the Sea of Japan. Figures denote collections 
per man-hour (P. A Petnshcheva, 1957) 


areas in old cedar— -hardwood communities, valley- and 
estuary-type hardwoods, larchwoods with a ground cover- 
ing of sphagnum, and mixed larch- and birchwoods with 
a covering of Calamagrostis. All these areas differ in micro- 
climate, none of them being tick-infested throughout. Tick 
foci in the Novgorod region were described by B. I. Pome- 
rantsev (1935). 

Observations on the seasonal changes in the population 
and activity of imago forms should include counts to be 
carried out not less than once in five days. Counts should 
be made at the same hours, at the time when the ticks are 
most active, i.e., trom to yi. a.m. t^out not earlier, owing 
to heavy dew) and 5 to 8 p.m. (the hours of tick activity 
vary locally). Ticks from domestic animals are collected 
at control points every 5 to 7 days, always noting the 
character of the pasture and the length of grazing time. 


5-- 1549 


65 



It IS advisable likewise to count the ticks on the dogs 
which always accompany herds and are subject to mass 
tick attacks 

The quantity of ticks on pastures should be noted to- 
gether with the intensity and time of grazing Frequently, 
the same grazing grounds are visited by both domestic and 
wild animals (e g , spotted deer m the Far East), which 
should be made particular note of Domestic animals sustain 
an enormous amount of ticks, whence the number of ticks 
on pastures is many times more than the amount in remot- 
er parts of the forest where the only hosts of ticks are 
wild animals Surveys of control pastures are continued 
throughout the warm season, thus following up the ticks 
life cycle from their earliest emergence until total disap 
pearance 

For assessment of dmmal and nocturnal activity, not 
less than 8 tick counts are made during the day and night 
with the use of the same collection techniques Such counts 
should be repeated from 8 to 10 times per season on 
control plots specially chosen for the purpose The methods 
employed for capturing animals as well as tick-collecting 
techniques are presented m the subchapter on ixodid ticks 
as vectors of rickettsial diseases Immature licks may be 
collected in nature bv means of live bait — white mice, 
wild Mundae, hedgehogs The animals are put into small 
cages made of metal netting R R Sharipova (1957) recom 
mends putting white mice into ply^tood cages with a 
supply of food, providing free exit and entry 

It IS advisable to present the seasonal dynamics of tick 
activity in its relation to the phenological plant spectrum 
Phenological phenomena m the flora should be noted on 
plants most typical for the given area Phenomena to be 
noted include unfolding of buds, appearance of leaves and 
flower buds, blossoming, fruiting The indicators to be 
used are birch, aspen pnekwood lilac bird clicrry, 
rowan-tree, acacia, hazel dog rose, currant, raspberiy', 
etc 
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bor experimental observations on the development time 
of separate stages m various biotopes, the ticks are main- 
tained in 60X40 mm cages of wire netting (mesh — 1 mm) 
or capron mill gauze Tick hibernation is best observed m 
mill gauze covered ■wooden boxes 4X10X2 cm m size, 
placing them in various biotopes at various litter depth 
Such boxes will better last through the winter in the litter, 
the ticks contained endure conditions corresponding to 
their natural environment At the sites chosen for the 
cages it is necessary to measure the depth of the snow 
Tick migrations may be studied by marking the arthropods’ 
backs with enamel paint 

The number of ticks m one and the same place varies 
annually, dependmg on climatic factors and the abundance 
of hosts Hence, the studies should be repeated for several 
different years 

The methods employed for the study of ticks should 
be chosen with regard to the conditions of work In route 
type expeditions the work is chiefly restricted to collec 
tion of live specimens and observations en route In expe 
ditions of more stationary character certam laboratory 
work IS possible The full scale study programme may be 
carried out at permanent establishments set up m regions 
and areas harbouring natural or man affected foci of tick 
borne encephalitis 

An all round survey of a focus should include the follow- 
ing virological studies (1) isolation of the pathogen from 
patients, ticks and wild animals. (2) testing of small wild 
fauna and large domestic animals for complement fixmg 
and virus neutralismg antibodies 

Investigations on soontaneous tick infection are earned 
out by feeding the latter on white mice as well as prepar- 
ing suspensions of tick viscera for subsequent moculation 
of white mice To assess the percentage of infected ticks 
in different biotopes, 10 mature ticks should be taken per 
test, since otherwise the results obtained from different 
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toci of the U S S R cannot be comuared In pnmarv m 
vestjgatjons of a locality for infected ticks, up to 30 hungr> 
adults and 500 nymphs and larvae should be taken per test 

IMPORTANCE OF VERTEBRATES IN FqCI OF TICK BORNE 
ENCEPHALITIS 

Vertebrate hosts According to summary data supplied 
by I G Galuzo (1950), G V Serdyukova (1956) et al 
among the animals inhabiting the USSR which ser\e as 
hosts for ticks m foci of tick-borne encephalitis, there are 
253 species representing three classes of vertebrates, viz 
103 species of mammals, 141 birds and 0 reptiles The total 
number of hosts varies considerably for different species of 
ticks, comprising 194 for I persulcatiis. 111 fo- I nemus 
70 for H conemna, 56 for D silvarum, and 21 for H /n 
ponica 

Among the multitude of animal Jiost species inhabiting 
the foci, the importance of different species is far from 
equal, and at present may be assessed by relative data on 
tick mfestment, the so-called abundance index (mean num 
ber of ticks per inspected animal), intensive mfestment 
(mean number of ticks per animal infested) extensive in 
festment (percentage of tick infested animals among the 
total inspected population) Since practically any animal 
may become a host, the most numerous and mobile among 
them are likely to be most imoortant in this respect 
Accordingly, pnncipal, supplementary and secondary hosts 
may be distinguished for each metacyclic stage The prm 
cipal hosts in a given focus arc the species wnh a higher 
degree of mfestment, occurring in comparatively large and 
stable numbers Species with a high degree of infeslmcnl 
but irregular m number are referred to as supplcmentar> 
hosts, and those with permanently low mfestment are 
known as secondary hosts By virtue of their permanent 
presence, the principal hosts ensure the stable existence 
of ticks in various parts of natural foci of ticl borne 


68 



encephalitis The periodical mass appearance of supplemen- 
tary and secondary hosts leads to expansion of the tick 
population and promotes their wide spread through the 
focal area 

However, m each given focus, the ticks in the course of 
their metamorphosis have to do not with separate species, 
but with a definite assortment of hosts The importance 
of individual host combinations may vary both seasonally 
and annually Thus, the bank vole shrew combmation pro- 
vidmg for the existence of ticks m their first stage, occurs 
m all foci throughout the USSR At the same time, the 
numbers of either species are known to vary from year to 
year These quantitative variations are usually asynchro- 
nous, but the permanent presence of either of the species 
ensures the survival of ticks m the foci The nymphal 
host combinations may also be permanent (birds, hedge 
hogs) or variable (squirrel, hare, chipmunk, etc ) m content 
The total nymph population depends on the number of 
nurtured larvae, i e , indirectly, on variations m the number 
of small mammals 

The importance of different species m sustaining ticks 
IS unequal The most typical host species among mammals 
are the bank vole (g Cfethnonomys), shrews (g Sorex), 
mice (g Apodemus), northern birch mouse (Sicisfa betu- 
Ima), chipmunk (Eutamias sibincus), hedgehog (Erinaceus 
curopaeus) and, apparently, all woodland species of carni 
vores and ungulates Among birds, the most important 
are biological groups contammg species which collect their 
food from the ground (tree pipit, bunting, thrush, Gallrna 
ceae, starling, jay, chaffinch and certain others) However, 
tile infestment indices and, accordingly, the importance 
of these bird groups in various foci, differ considerably In 
European foci their imoortance m mamtammg ticks is 
less, being appreciable only in years with high tick popula- 
tions It should be remembered that owing to their high 
mobility, birds are of great importance m disseminating 
ticks through an area 
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In some foci, the open space species, j e , so called mead 
owland and field forms, turn out to be the most important 
hosts, which IS mostly manifest in regions with large 
areas of ploughland or meadows emerging m the place of 
felled forests Being unstable m number, these species ma> 
occasionally become the most important hosts This hap 
pens particularly often m European foci with the common 
vole (Microtus arvahs), m Western Siberia with the narrow 
skulled vole (Microtus gregaUs), common hamster (Cncctus 
cncetiis), in the Far East with the reed vole (Microti:s 
fortis), the harvest mouse (Micromys mmutus) and almost 
ever3nvhere with the striped field mouse (Apodemus agra 
rms) 

Individual metacyclic stages are most frequently en 
countered on definite animals, larvae — on small mammals 
and birds, nymphs — on medium sized mammals and birds 
imago— on large vertebrates Occasionally, in absence of 
the habitual hosts, the ticks may suck blood from other 
animals For example, nymphs may occur on small mam 
mals, and adults on mammals of medium size Thus, the 
highest incidence and relatively highest infestment rates 
are mostly associated with hares (g Lepus) hedgehogs 
(Erinaceus europaeus) and less with squirrels (Scturus 
vulgaris) and chipmunks (Eutamias sibiricus) The afo’‘e 
said phenomenon of host substitution is of major impor 
tance in the maintenance of natural foci 

Vertebrate vectors of tick borne encephalitis At present 
spontaneous infection with the virus of tick borne cn 
cephalitis has been revealed m 24 species of mammals and 
14 birds (see table) 

In all foci certain spontaneously infected mammals and 
birds have been demonstrated to be the principal hosts 
of ticks The greatest number of virus strains has been 
isolated from bank voles, shrews yellow necked field mice 
forest mice and chipmunks and among birds — from pipits 
wood hens, buntings and thrushes The number of spon 
taneously infected vertebrates increases from \%est to cast 
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Spontaneous Infection nnd Susceplibi!it>^ to llic Virus of Tick Borne 
Lnceplnhtis in \crlcbralcs m the USSR 


Species 

Beg oa in 
icli spon 
taneoua in/ec 
\ on was 
foirnd 

1 itithor and year 

a 

w5 

1 

2 

3 1 

1 ^ 

Common hedgehog 
(Erinaceus e«ro/>ae«sJ 

Far Fast 

V D Solovyov 1938 

\ ^ 

Mogers mole 

(Mogera nbuna) 
Common shrew 

Far East 

, V D SoIovyo% 1938 

? 

Perm region 

A L Dumma 1958 

■» 

(Sorex araneus) 

Tomsk re 
gion 

Altai 

M K T\ushn\ako\a 
195^ 

A A Pcholkim 1957 


Common squirrel 
fSclurus udearis) 

Sxcrdlovsk 

region 

M P Chumakov 1939 

N 

Chipmunk 
(Eula/nias slbiricus) 

S\ertIlo\sk 

region 

M P Chmnako\ 1939 


Tomsk 

region 

Far Cast 

M K Tjushnjakoaa 
1955 

\ D Soloayov 1938 

L 

Torest dormouse 
(Djromys mtedulti) 

1 Tatar 

A S SB 

G Kh Gilmanova 19o8 

9 

Northern birch mouse 
fi'ictsta beluUna) 

Tomsk rc 
gion 

M K T\ushn\akova 
1954 

9 

Ticld mouse (Apodemis 
agrartus) 

Tatar 

A ssn 

Far Fast 

G Kb Gilmano\a IDoS 

A N SotnikoNaand 

I M Aroharnikov 195F 

L 

Common forest mouse 
(Apodemits syhaiUus) 

Leningrad 
region 
Vclikiyc Lu 
ki region 

C N LeakoMch 19 12 

A K ‘ilmhladzc 1942 



Perm region 
Kuiby^ev 
r^ion 

Tatar 

ASSn 

Kazakh 

ssn 

V f) Solov>o\ 1941 

L D Popova IDoi 

G Ivh Gilmanova 19o8 

I G Galuzo 19i2 



' Dita on susceptibility are gnen onlj for species rc\cahng 
spontaneous infection with tie ^iros of tick borneenccpbilitis Sjra 
bola S — susceptible 1 — lo% susceptibility N— non susceptible 
?— susceptibility not cstablislicd 


It 




ne*ion Id 
which sron 
hnwoiumtec 
tion w>s 
fOODj 

\\}lb'^T sBii jfar 

2 

3 


I arge Japano«:e field 
mDU’'c {Apodemus spt 
eioni<) 

■^cJlox\ needed field 
mouse (Afodemus //an 

coUts) 

Common Jnmslcr 
(Cricetus enceiurj 

Bank vole 
(CUthrionmnys g/arco 
lus) 


Norlhcrn red backed \oIe 
(diet! Tionetnys ruUlu^J 


l^argc toollifd red backed 
\ole (CUlfi^lonornys ru 
fo'-anus) 

Common H/lcrofus 

ana/ls) 

Field %ole (^licrctu^ agre 
liii) 

Boot \orc CVtcrofiw oeco 
no/nus) 

Narrov. skulltHl %olc 0/1 
croCus gregf^Us) 

AUoi pika (Ochotona a/ 
pina) 

\Muto InrC (Lepus iiml 
dus) 


Al*ii 

A A Pcbolkina 19‘,7 

Far I ast 

^ G Panoi J0 5S 

KuibjsJie\ 

\ D Solowoa. 1950 

region 


Tomsk 

1 D Honrliina 1910 

region 


Bjclorus 

M P Cliumaktn. 1910 

snn 5. s U 


Perm region 

\ » D Soloa joa, 19.10 

Oislikir 

0 Kb Gilmanoaa lOoC 

\S«II 


Tatar 

C K?i Gilmanoaa 19"S 

\ bs n 


Omsk region 

T N Zakorkina I9o8 

Perm region 

\ D Soloaaoa lOiO 

Omsk region 

T \ fakarkina l9aS 

Tomsk re 

M K Tauslina-akoaa 

pion 

1954 

Altai 

A A Pcholkim 19”7 

Altai 

A A PcIiQlkina 1957 

Perm region 

A \ petroaa 1911 

Hr 1 asl 

\ D SqIqv\o\ IWS 


Tomsk »e M K T\uslin\akO'i 

gioii f'J 2 ^ 

Toro^'k re M K T>uslinpko%a 

gion l<»o^ ^ 

\Hai \ A Pcholkim 19 >7 ’ 

Tomsk I D non*lnna 19iG ’ 

region 

kiln \ A rcliolkim 19 17 

Krasnojirsk T N /akorkim 19 jS ’ 

Icrntorj 

S\crd)»\sk M r ClinmikoN 19‘^9 \ 

rcgnii 


72 


(Continued) 


Sreclcs 

ne^on fn 
svhhli spon 
taneous inicc 
tion «as 
round 

Aullior and ^ear 


1 

1 2 

3 

1 4 


Class Birds ( lies) 


Wood ben (Tetrasies bo 

Altai 

A A Pchollana 1957 


msta) 1 

Krasnoyarsk! 

T N Fakorkina 19oS 

? 


territory 




Par Fast 

1 A Moskvin 19i0 


Cuckoo (Cuculus ganoris) 

Altai 

A A Pfholkiaa 1957 

■> 

Common buntinc 

Tomsk re 

Y V Fyodorov 1956 

L 

(Fmberiza citrinella) 

ffion 



Yellow necked hunting 

Far Cast 

1 A Moskvin 19(0 

? 

(Lmberlza elegans) 




Chaffinch (FringiUa eoe 

Tomsk re 

Y V' Fyodoro\ 19.6 


IC05J 

Tree pipit {Anihus intl 

Tatar 

G Kh Gilmanova 1958 

•> 

alls) 

Assn 




Tomsk 

Y V Fyodorov 1926 


Indian tree pipu 

: Krasnoyarsk 

T N Zakorkina 1958 

9 

(Anthus fiodgsoni) 

' territory 



Nuthatch (SlUa. euro paea.\ 

Far East 

, 1 A Moskvm 1010 

? 

Fiold/are (Turdus pilaris)^ 

Tomsk 

1 L D Bonsbma 191G 

? 

Grey hacked IhrushfTur 

Far East 

I A Moskvin 1940 

? 

(Jus hortulorurn) 




Black throated thrush 

Krasnoyarsk 

T N Zakorkina 1958 

? 

(Turdus rublccllts) | 

lemlorj 



winte throated rock 

Far Fast 

A N Solnikova and 


thrush (it/o/itfcoZa guja 


1 1 M Ambamikov 






Golden mountain thrush 

lar 1 asl 

D G Tatannova 1957 

? 

(Oreocineta daunus) \ 




Blue nightingale (Luset 

Far Fast 

1 I A Moskvin 1910 

? 


nia cyane) 


the sj>ecific assortment of the infected animals likewise 
changing 

Apart from typical woodland species, infection has been 
revealed in a number of species associated with open ter- 
rain in the common and narrow-skulled voles (M arvalis 




and M gregahs), common hamster (C cncctus) and 
among birds, in tree pipits and Indian tree-pipits (A tn 
viahs and A hodgsoni) In most cases, natural infection m 
animals was established by isolating the vinis from the 
brain, its incidence m the blood being very rare, ^\hlch 
indicates limited disseminating capacity and the transitory 
character of hostship m \ertebrates The transitory im- 
portance of warm blooded vertebrates as hosts is also 
testified by (a) considerablv lower incidence of infection 
m the former than m ticks (b) in some years, at mass sur- 
veys total absence of infection (m contrast to the frequent 
incidence of the virus m ticks) (c) later incidence of the 
virus in animals than m ticks 


suscEPnetLiTv 

V D Solovyov (1939, 19-10. 19-11, 1944), A A Smoro 
dmtsev et al (1939, 1943), I A Moskvin (1940), E N Lev 
kovich et al (1954) E S Sarmanova et al (1956) have 
experimentally established varying degrees of suscepUbil 
ity to the virus of lick borne enceohalitis m different 
animals and birds (see table) Individual species were set 
down as susceptible when inoculation was followed by 
the development of obvious symptoms of the disease, the 
virus circulating m their blood for longer periods Low 
susceptibility was staled for animals with a symptomless 
course of the disease and short term virusemia (not more 
than 15 days) The non susceptible or resistant species are 
those m which the virus is maintained for a short length 
of time and does not accumulate 

As evident from the table, many species peculiar to foci 
of tick borne encephalitis have not been studied These 
include mammals, such as all the species of shrews moles 
bank voles and birds such as pipits and thrushes etc Of 
the species already studied, most woodland forms appeared 
to be low susceptible or resistant The degree of suscep 



tibility did not prove to be a specific feature throughout, 
individual variations being revealed m different specimens 
of the same species Thus, hedgehogs obtained from areas 
endemic and non-endemic for tick borne enceohalitis, react 
differently to inoculation with the virus (V D Solovyov) 
The same was revealed m such highly susceptible mammals 
as grey voles (M arvalis) in the experiments by V D So- 
lovyov and E S Sarmanova, and in linnets (Acanthis flam- 
mea) by I A Moskvm 

Apparently, the resistibility of different specimens 
towards encephalitis is determined by their mdividually 
acquired immunity Possibly, the species more frequently 
contacting ticks m the course of evolution, developed a 
respectively higher degree of immunological adaptation 
Otherwise, in case of high susceptibility to the disease, 
these species could not have survived m the focal bioce 
noses, and the foci themselves could hardly have proved 
to be stable This, probably, accounts for the fact that the 
animals and birds classed as low-susceotible and resistant, 
usually include the most typical woodland forms On the 
other hand, species non-typical for woodlands, but occur 
ring therein, e g , meadowland forms (grey voles), reveal 
an exceedmgly variable degree of individual resistance to 
infection 

In vector ticks, contagion may take place only when the 
Virus occurs m the peripheral blood of the donor Hence 
the length and intensity of virusemia are mdicative of the 
importance of various animal species in focal biocenoses 
Experiments by E S Sarmanova (1948), and by the same 
m collaboration with A L Dumma (1956) demonstrated 
that both susceptible and non susceptible animals generally 
carry the virus m their central nervous system for longer 
periods than in their blood The term of virus circulation 
m the blood vanes broadly for different animals and does 
not correspond to the latter’s level of susceptibility These 
variations may range as follows (1) for susceptible species 



grey vole (M ar\aUs) from 3 to 8 days, hedgehog (E euro 
pacus) and linnet (Acanthis flammca) up to 15, (2) for lov.- 
susceptible species chipmunk (E sibiricus) from 3 to 10 
da>s, bunting (L citnnella) up to 6 days, (3) for non- 
susceptible species large toothed red-backed vole, up to 
15 da>s In the blood of the susceptible reed vole the virus 
could be revealed during three days, while m that of the 
low susceptible large Japanese field mouse (Apodemus 
spcciosiis) it remained apparent for up to ten da>s 
(A I Drobishevskaya, 1943) 

Although the virusemic terms m both groups of animals 
are limited (not exceeding 15 days), practically, either 
group may infect ticks The concentration of the virus in 
the blood of all animals so far studied, is quite sufficient 
for the ticks to receive the pathogen and maintain it 
through subsequent metamorphosis The terms of viru 
semia in natural conditions are incomparably shorter than 
m experimental conditions Hence, practically, the con- 
ctdence between the calendar terms of virusemia m ani- 
mals’ blood and the attacks of hungry ticks on virus- 
canning hosts IS of decisive importance 

A potential factor limiting the spread of the virus may 
be immunisation of animals by the bites of virus carrying 
ticks The possibility of such immunisation has been proved 
experimentally (E N Levkovich and A N Sknnnik, 1941) 
Antibodies neutralising the virus have been found in the 
blood of many wild and domestic animal species (V D So 
lovyov, 1941, 1944) 

Investigations earned out by A L Dumina (1957, 195S) 
m foci of the Kemerovo region, demonstrated that anti- 
bodies occur more frequently in rodents than in adult 
birds, which indicates greater contact of the former with 
infected ticks In these expenments the blood of nestlings 
repealed no antibodies, ic, birds are unable to passively 
transmit the antibodies from parents to progeny In the 
case of rodents, the incidence of immunity in the >oung 
depends on its occurrence among adult animals which may 



passively transmit the antibodies to their offspring Kence 
the comparatively greater possibility of dissemination of 
the virus among birds than among rodents Since virus 
circulation in a natural focus, on the one hand, proceeds 
together with the metamorphosis of ticks (from stage to 
stage and transovanally) and on the other hand, includes 
m Its chain a large number of animals, the combined im 
munological effect on the said circulation proves consider 
able, all the more so that not all tick specimens involved 
transmit the virus from stage to stage and through the 
eggs (A L Dumma, 1954, 1957) A prerequisite for the 
maintenance of natural foci of tick borne encephalitis is 
the regular replenishment of the virus m ticks during blood 
meals, which, as stated earlier, is only possible with a 
sufficiently high percentage of non immune animals m the 
focus Best suited for this purpose are species and groups 
of species most frequently renewing their population 
(Muridac, shrews, squirrels, hares), or not transmitting 
their immunity to their offspring (birds) A speaal part in 
disseminating the virus over an area is played by species 
of anunals broadly fluctuating in number and highly sus 
ceptible to tick borne encephalitis 

On the other hand, because of their Jong contact with 
ticks in the respective foci, species with relatively stable 
populations and greater longevity, rather quickly develop 
immunity to the virus, so that their importance m spread 
mg the infection becomes inconsiderable (large domestic 
and wild animals) An earlier suggestion that m these 
species the effect of their own antibodies may cause self- 
sterilisation, i e , elimination of the virus m the ticks which 
they feed, was not confirmed in the experiments of 
A L Dumina (1958) 

Thus, taken alone, data on natural infection and sus 
ceptibility are not sufficient for assaying the part played 
by different warm blooded species in circulatmg the patho 
gen The basic criterion is not even the level of vimsemia 
but the extent of immunisation of the animals which 
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depends on the degree of contact between individual 
animal species and infected ticks Despite the ability of 
ticks to retain the virus dunng metamorphosis, the virus 
cannot be maintained m natural foci without regular re* 
plenishment from warm blooded species Hence, the leading 
role in spreading the virus may belong only to those species 
which regularly re stock the focus with non immune spec- 
imens capable of infecting and being infected by ticks 

The yearly fluctuations m the number of infected ticks, 
exert an influence on the intensity of epidemiologic proc- 
esses in various foci, le, the basic epidemiological in 
dices are largely determined bv the entire course of the 
respective epizootological processes, and in the first place, 
by the incidence of virus carrying ticks In consequence, 
all kinds of zoological and other research in foci of tick- 
borne encephalitis, should primarily be directed towards 
a single objective, viz , disclosing the regularities of the 
pathogen s circulation m nature depending on various en 
vironmental factors 

TECHNIQUE OF ZOOLOGICAL RESEARCH IN FOCI 
OF TICK BORNE ENCEPHALITIS 

General biological research Purpose determination of 
specific assortment, distribution and number of vertebrates 
Basic technique counting \ertebrates and mapping the 
results on a chart of the area 

Tlie chart is drawn up on the basis of foresters' plans 
indicating different t>pes of forest and other terrain 
Acquaintance with these will promote determination of the 
typical habitats occurring m the locality under survey and 
their relative sauare area As a basis for research, the 
chart IS primarily needed for orientation on the terrain, 
while in the course of wo~k it is used to draw routes, pfol 
counting lines and areas, permitting a momentary estimate 
of the evenness of survey work o\er the area, which is 
imperative m the study of natural foci 
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In accordance with the local assortment of different 
habitats, a time table of research on the quantitative rep 
resentation of various groups and species of vertebrates is 
drawn up Basically, there exist two counting techniques, 
VIZ , relative and absolute The former affords merely 
an idea of the comparative abundance of animals in dif 
ferent habitats and the relative yearly and seasonal fluctua- 
tions m their numbers Absolute counts serve to estimate 
the actual number of animals per unit of area and reflect 
the true size of their population 
Counting small animals Relative counts of small animals 
inhabiting natural foci are accomplished by snaring or 
trapping with the respective devices set in Imes, or by 
catching m pits Trap Imes are employed for counting m 
the following way 25 traps are baited with standard mix 
tures (bread and carrots sliced into cubes and sprmkled 
with vegetable oil), and set at five metre intervals within 
the limits of a single habitat The traps are put out for one 
night and removed the next morning The relative popula 
tion index is estimated by the number of animals captured 
per 100 traps Assessment of a habitat requires not less 
than 6 trap lines, or 150 trap days The procedure is ap 
plicable in counting bank voles, mice root voles and to a 
lesser extent, common voles and shrews 

Counts with the use of pits are also earned out in the 
key habitats The pits are made one spade deep and wide 
and 50 m long The bottom and sides of the pit should be 
smooth Cylinders are set along the bottom of the pit at 
intervals of 10 m and no less than 40 cm deep When 
installing the cylinders, no spaces should be left between 
the latter and the sides of the pit The pits are examined 
twice daily, in the morning and evening The number of 
animals caught m a pit during 10 davs is taken as a unit 
Pit trapping constitutes the most important method for 
collecting and studying the feedmg dynamics of ixodid 
larvae and nymphs The method is used m counting all 
species of voles field mice and small Insectivora (land 
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shrews, ^vater shrews, etc) It is less applicable for count- 
ing mice, the required cylinder height in their case being 
70 cm 

The basic shortcoming of counts employing trap lines 
and pits is that the amount of caotured animals depends 
not only on the latter’s number, but on their mobility, nor 
do the former provide an idea of the population density of 
small mammals The mentioned drawback is overcome b> 
computing selective estimates for chosen sectors of the 
area The procedure comprises the following Wire cage- 
traps are staggered ten metres aoart over an area of one 
or two hectares, each m a permanent place The traps are 
examined twice daily, marking the caotured animals by 
cuttmg off their toes m various combinations (the right 
hind toes for digits, and the left for tens, the right fore 
toes for hundreds, and the left, respectively, for thousands) 
On marking, the animals are released, having previously 
collected their ectoparasites Further repeated captures o* 
the same animals will provide an estimate of the number 
of speamens inhabiting the sector, i e , the absolute animal 
population A shortcoming of the method, aoart from labo- 
riousness, IS that it may only be employed for rodents — 
mice, hamsters, bank voles, root voles, and to a lesser 
extent for other voles 

Squirrels, chipmunks, hares, hedgehogs Squirrel popula 
tions are counted along control strips with the help of a 
dog The observer walks along a fixed route through the 
forest at an even pace of 2 or 3 km per hour and counts 
all squirrels barked at by the dog, noting the t>pe of 
vegetation Control strips should cover not less than 1 per 
cent of the area of tyoical habitats, the routes extending 
for not less than 10 to 15 kilometres Counts along each 
route should be repeated not less than 2 o- 3 times in 
morning hours, dry weather being an imperative The 
number of sauirrels both met and caotured is computed 
per unit of area (totally and bv habitats), assum ng the 
range of the dog’s search to be 50 m The counting results 
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may be affected by the efficiency of the dog, which should 
be known beforehand Of other methods, we may advise 
counting squirrel nests on control routes by a team 
of 2 or 3 men moving abreast with intervals of 20 to 25 
metres Some idea of the squirrel population maybe gamed 
by interrogating hunters 

Chipmunks m spring mav also be counted on control 
routes with the help of a dog and whistle, and m summer 
and autumn bv checking the number of animals leaving 
their nests Fmallv, a source of indirect information may 
be pelt hunting data or trappers’ reports 

Hare counts are usually made in winter, the animals 
being driven along control strips not wider than 500 m 
The team members delete all tracks around the plot, and 
start out, moving with as much noise as possible After 
the procedure is over, all exit tracks are counted In spring, 
prior to the development of grassy vegetation, hares may 
be counted with a dog 

Studies of hedgehog population and distribution are also 
made with dogs on routes or sectors specially marked off 
for the purpose 

Birds Passeri/ormes are counted on routes or sectors, 
Gallmaceae — only on routes One four hectare (2,000 X 
X200 m) counting ground is marked off apiece in no less 
than three of the most typical woodland habitats At dawn 
the ground is crossed by transversal routes runnmg parallel 
to each other at intervals of 50 m, note being taken of the 
number of singing males The count is repeated every 
morning for four days, the mean number of males being 
multiplied by two, which gives an estimate of the total 
bird population After the end of nesting, counting routes 
ate la\d oul at m wAer^als, and aU the \y*Td3 met en 
route are counted by sight Permanent routes 2 5 or 3 kilo- 
metres long are laid in such a manner as to cross the basic 
woodland types m a size ratio roughly proportionate to 
the areas occupied by the corresponding types of forest 
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One hundred metres of co-;ered roate a-e taken as a coja 
mg umL 

Co jnLug routes for GcIIinaceac are co% e’ed n a s n? e 
excurs on, the length of a route being not less than 10 kni 
The b-Tds are counted on a stnp 40 m wide (20 m to each 
side of the route), for eaca type of forest separate!) Toe 
total length of all '■oute:> co\ ered should be not le^s tnn 
100 km 

Canu\ ores end ungulates The existing methods of coun 
mg large mammaJji <ire ptimstaking, the usual time fo* fyen 
counts bemg wmter In some cases it is p-acticab'e to 
count lajs and burrows of canu\ores during the ssl’led 
penod of their life Large ungulates may be counted frcT 
aircrafL Tne data thus obtauied provide a rough estimat* 
of the population densiu of large mammals on the 2 *eo 
under surv ej Apart from du-eci counts, some notion of l e 
latter s number and distnbution may be obtained b> certa j 
mdirect characteristics Thus, for ungulates, it imv 
useful to locate pastures, uate-ieg 
routes (trails) Regular obsenauois should be 
S ™ch placL, noung s>.temat.cell> 
fresh trades, the soecuhe assortment. aPP-o^uMt® 
fLd t^ecuon of m.grat.on of f 

baits tsh ch thej detour m lumber end d. 

SufficientK detailed informatio from sto 

mbuuoa o* game mat be “^1™ ^nd local huntsiren 
mgestabbshme-its nmportmee 0 ' 

Domestic tmimais Cons th „ rfopeewe 

domestic animals as hosts o. a number 

data on the formers ®P“®44 uidividJi! far® 
should be gathered from “ and cal* 

” itt 

data fo- all subsequent ttork. 



UTILISATION OF VERTEiJftATE COUNT FINDINGS 


Count data, first and foremost, provide an idea of the 
vertebrate fauna on the area under survey, as well as its 
specific composition and distribution among habitats With 
the use of special symbols, the data are plotted on a key 
map, clearly showing the level of vertebrate population 
for different habitats and the habitats with the densest pop 
ulations It should be borne m mind that various counting 
techniques characterise the fauna m different ways, being 
mutually complementary, owing to which the completest 
data are obtained by combined use of various techniques 
Quantitative counts serve to establish the regulanties 
in the seasonal and yearly fluctuation of animal populations 
in different habitats This furnishes the basis for deter- 
mining those habitats in the natural focus that possess 
more stable animal populations, among which the species 
of relatively high and stable number (the potential prm 
cipal hosts) may be noted alongside with those whose 
populations are high but unstable (secondary hosts) For 
birds, It IS also important to define the ecological associa 
tions of each given ground species In the aggregate, these 
findings present a preparatory stage necessary for evaluat- 
ing the importance of different vertebrates as tick hosts 
Finally, observations of animal mobility carried out 
during quantitative surveys, offer a means of determmmg 
the migration range of the respective species, as well as 
seasonal and annual changes m their use of the area 
under survey This information forms a basis for estimat- 
ing the extent of contact between different species and 
ticks, and the potentialities of the latter’s dissemination 
through the area The findings on anunal population 
awi seasov.?! cowt.ev.tta.b.'av.s, 
likewise be plotted on a map with the use of special 
symbols All the obtained general biological data offer a 
starting pomt for further special research m the foci of 
tick borne encephalitis 





Special research in foci of tick-borNe 

ENCEPHALITIS 

The special studies described hereunder are purposed 
to establish the role of vertebrates m natural foci, and in- 
clude parasitological and virological investigations Both 
these aspects of research are interrelated, the choice of 
techniques employed for both being largely determined 
by the findings of general biological surveys 
Parasitological investigation at its first stage ascertains 
the importance of individual species in the maintenance 
of ticks The basic techniques employed are collection of 
ticks by combing the animals, and estimation of the latter’s 
importance as hosts 

Most generally employed are data on relative tick-carry- 
ing importance which are obtained bv computing the mean 
number of ticks per investigated or infested animal, the 
resultant indices being called, respectively, the abundance 
factor and intensive infestment rate, or bv calculating the 
percentage of infested animals (extensive infestment rate) 
without regard to the size of the population of different 
species More workable data are obtained from analysis of 
information gathered at vertebrate population counts 
In the case of relative population counts, use is made 
of information on animal infestment per counting unit, 

1 e , the number of ticks collected per 100 trap-davs or 
10 pit days (for small mammals), per 1 kilometre of route 
(for birds, etc ) The said factor, i e , infestment per count- 
ing unit, incorporates all the enumerated mdices, with 
reference, however, to the relative animal and bird popula- 
tion, and may be used for comoanson of infestment data 
for individual seasons, years and habitats However, since 
comparison between data per counting unit collected by 
different techniques, must needs be highly relative, only 
the figures obtained by one single method are practically 
comparable This shortcoming is non-existent in the case 
of estimates of actual tick-carrying importance, which are 
founded on absolute vertebrate counts and overall infest- 





ment assays, and are usually expressed m terms of the 
number of ticks oer unit of area In the latter mstance, 
despite distinctions of counting techniques, the materials 
obtained for different groups of vertebrates are mutually 
comparable 

The precisest data on tick-carrying importance are 
obtained by regular combing of marked animals trapped 
on test grounds, which not only permits calculation of 
animal infestment per unit of area, but provides absolute 
data on the number of ticks maintained during the season 
Unfortimately, up to the present this method is applicable 
only for rodents An essential common drawback of 
absolute techniques is their labonousness, and hence their 
restricted applicability on areas of any appreciable size, 
and total impracticability for certain groups, e g , Insecti' 
vora Issuing from investigations of vertebrates earned out 
for each stage of tick metamorphosis, the prmcipal, inter- 
mediate and secondary hosts are established 

Apart from determmmg the importance of separate ver- 
tebrates as tick hosts, the results of counts are used for 
solving certain problems of parasitological character 
l^egular collection of material during counts permits the 
following to be clarified for the area under survey 

(1) distribution through habitats and relative population 
of different tick stages, 

(2) seasonal, or (in perennial surveys) annual regular- 
ities of parasitising on different species of animals, and, 
m particular, substitution of hosts from among the avail- 
able host assortment, depending on the level of the latter’s 
population, 

(3) regularities m fluctuations of tick population asso 
ciated with changes m the piopulation of the host species, 

(4) distnbution of sectors of the area which possess 
permanent tick populations 

The findings obtained are charted, using special symbols 
to outline tick foci for which detailed biotopic and faunistic 
descriptions are given together with square measurements 
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of their -area The location and description of areas har 
bourmg permanent tick foa presents an important pre- 
liminary for the solution of the cardinal oroblem of detect- 
mg permanent foci of tick borne encenhalitis on the basis 
of virological studies 

Vjrological investigations are purposed to establish the 
importance of vertebrates in virus circulation m the natural 
foci as a whole, and their significance m maintaining the 
virus in individual sectors of the latter which are called 
elementary foci 

The importance of vertebrates in the circulation of the 
pathogen through natural foci is established bv testing 
their cerebrum and blood for the oresence of the virus 
(detection of spontaneous infection) Besides direct assays 
of animal infection m a focus, there are a number of indi- 
rect methods, such as the establishment of complement 
fixing and virus neutralising antibodies m animal blood 
and their relative content m different species from different 
parts of a focus In small mammals and birds such tests may 
be carried out on liver and spleen extracts instead of blood 

The virus carrying importance of animals is also estab- 
lished experimentally, by infecting different species of lick 
hosts m order to determine their susceotibilitv and the 
time and intensity of virus circulation m their blood (the 
degree of virusemia) The latter m donor animals deter 
mines the ability of ticks to receive the virus and maintain 
it through subsequent metamorphosis 

In accordance 'NMth the cited techniques, virological 
investigations are conducted along three lines (1) assess 
ment of spontaneous infection (2) serological studies (de 
termination of animal immunity levels) (3) experimental 
tests of vertebrate susceptibility to the virus of tick-bomc 
encephalitis Virological work on all these aspects is linked 
up \Mth zooparasitological findings, particularly tick pop 
ulation and animal infestment data The stated principles 
should be borne m mind dunng the collection of matenal 
for investigations The most valuable results are obtained 



when collecting virological materials during vertebrate 
population counts 

In estimating spontaneous mfection and unmumty levels, 
the most important subjects of observation are as follows 
(1) percentage of infected and immune mdmduals in dif- 
ferent species and in different age groups of the same spe- 
cies in relation to their importance as tick hosts, (2) degree 
of infection and immunisation for individual species in cer- 
tain habitats distinguished by high populations, (3) reg- 
ularities of yearly and seasonal variations m infection and 
immunity of animals for different habitats, depending on the 
level of population of different species and tick infestment 
rate 

Of special importance are virological investigations on 
the most widespread animals m the vears when their 
population levels differ This work serves to elucidate the 
role of vertebrates m dissemmatmg the virus through the 
area in different years and helos to establish the animal 
species responsible for changes in the epidemiological situ- 
ation m natural foci, which is essential for epidemiological 
prognosis Definitive evaluation of the importance of mdi 
vidual vertebrate species m the circulation of the pathogen 
of tick borne encephalitis, is possible only after conducting 
susceptibility tests For this purpose the virus is introduced 
into the most important samoles of animals and birds 
obtained from epidemiologicaljy different habitats These 
tests are necessary to ascertain (I) the degree of suscep 
tibility of various species, (2) the degree of virusemia in 
different species and the potentialities of tick infection 
from the latter, (3) transmission of immunity to the young 
m different groups of animals and birds 

These findings will provide the material for definitive 
determination of principal and secondary pathogen carriers 
among the vertebrates m the natural foci All the virologi 
cal data are plotted on a map providing a vivid picture of 
the distribution of elementary foci through the area and 
presenting the means of determining their size 
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PROPHYLAXIS 


The earliest measures to be adooted agamst ticks m 
our country were scientiRcallv grounded and elaborated 
by Academician Y N Pavlovsky (1924 1937) in regard to 
a number of tick transmitted diseases The first recommen 
dations for anti tick prophylaxis m encephalitic foci were 
likewise scientifically grounded by Y N Pavlo\sky (1940) 
and his disciples G S Pervomaisky (1941) et al Individual 
prophylactic measures found wide application in tick borne 
encephalitis foci of the Far East from the \ery first years 
pending the discovery of the disease and ha\e retained 
their importance ever since All subsequent work on the 
control of tick borne encephalitis has confirmed their lead 
mg significance 

Anti tick prophylaxis is effected by the use of protective 
means preventing the attachment of ticks to the human 
body and various means of eliminating ticks over the area 

Individual Protective Measures 

Tuching m one s clothes The surest and simplest means 
of individual protection against ticks is to carefully tuck 
in one s clothes at all joints Shirts or blouses are tucked 
into tightly belted trousers Sleeve cuffs should fit as close 
as possible but are best tied with taoe or elastic bands 
Trouser cuffs are tucked into tight socks or puttees the 
suit or coat collar should closely fit the neck 
Tich proof clothing During field work in areas abounding 
m ticks It IS advisable to wear special clothmg whose cut 
prevents the penetration of ticks to the bodv eg a loose 
gym shirt and trousers made of strong stuff and if pos 
sible waterproof The material should be sufficiently po 
rous to permit free evaporation of sweat 
The khaki-coloured stuff should be smooth so as to 
hinder attachment of ticks The shirt too is made double 
for protection against mosquitoes and greater durabililv 
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The sleeves are long, wide and loose-fitting, except for the 
sleeve-ends, which should be tied with tape or provided 
with elastic bands. The same applies to cuffs, if present, 
as well as collars: best of all if the shirt is supplied with 
a zip-fastener. The trousers are made of stronger material 
and wider than usual. The waist is threaded with an elastic 
band or string, the free ends being tied up. The trousers 
should have double knee-caps and large surface pockets. 

With clothes well tucked in, the only parts left exposed 
are the face, neck and ocdput. These may be protected 
with a bandana of light, fine-meshed muslin. 

The best foot-gear are boots, which should tightly fit 
the shanks to prevent penetration of ticks. 

Self- and mutual inspection are obligatory with any 
kind of clothes. Observations have shown that inspections 
should be made twice a day (G. S. Pervomaisky’s experi- 
ments in the Primorye territory). 

Repellents. To prevent ticks from getting under the 
collar, it is good to tie a Pavlovsky net round the neck in 
the manner of a scarf. 


Social Protective Measures 

Choice of camp site and arrangement of camps. A camp 
should be set up on treeless or sparsely timbered ground. 
The chosen site should be dry and open. Its area should 
be cleared of all deadfall, stumps and scrub. The camp 
should be located far enough from roads, trails, gullies, 
ditches, cattle routes, watering places and pastures, which 
usually abound in ticks. The grass around the camp is 
regularly mowed and removed as far as possible. A few 
days before the workers* arrival, the camp area and adja- 
cent forest within a radius of 25 to 30 metres should be 
thoroughly treated with hexachlorane or DDT using 30 to 
50 kg of 10 per cent powder per hectare. All wood-felling 
sites should be known beforehand and prior to the begin- 



nmg of work may also be treated with acancides No 
garbage dumps are permissible near the camp, being a 
lure for rodents which may brmg ticks 

Special precautions should be taken m laying roads and 
pathways through forests Roads should be not less than 

2 5 and pathways 1 or 1 5 metres wide The marginal area 
along roads and pathways should be freed of vegetation 
or treated with acancides within 2 to 3 metres from the 
road 

When choosing a site for short-term camping (not more 
than 10 days) the same rules are observed, omitting only 
large scale operations involving clearance and acancide 
treatment It will suffice to thoroughly clear the ground 
before pitching tents, surrounding it with a tick-proof 
barrier of mowed or acancide treated vegetation within a 
radius of not less than 3 to 5 metres Sometimes both 
methods may be combined 

The same requirements are set to the choice of forest 
areas for children’s rest camps and health centres 
(preliminary clearing and acancide treatment are man 
datory) 

Tick control In controlling ticks, wide use is made of 
hexachlorane or DDT preparations sprayed from aircraft 
or helicopters over extensive forest areas worked by large 
numbers of lumbermen Acancide expenditure amounts to 

3 5 gr of 10 per cent mixture per sq m, or 30 to 50 kg per 
hectare (N I Gorchakovskaya. V A Nabokov et al ) 

Forest treatment should be carried out early in spnng 
prior to foliation or even spring thaw Some authors advise 
spraying forest areas in autumn, before snow fall, m which 
case the preparation subsides on the litter and retains its 
qualities until spnngtime The ticks come into contact with 
the poison in spring, after hibernation, when first emerging 
on the litter surface In aircraft spraying, the acancide 
evenly covers the litter, pathways, and roadside areas and 
may cause the death of up to 95 or 100 per cent of the 
ticks 





Various species of Jxodtdae may be pests of both do- 
mestic animals and man In vetermary practice, tick con 
trol measures have long been emploved in all varieties, 
direct (spra 5 ang or bathing of cattle with arsenic solu- 
tions) and indirect (rational and regular changes of graz- 
ing ground) For epidemiologists, however, the control of 
ticks presents a comparatively new field, since m the 
USSR their noxious effects on man were established only 
25 years ago Owmg to the fact that ticks are a “two way” 
pest, practical tick control measures m areas of vanous 
nature should be evolved in collaboration by cpizootolog 
ists, epidemiologists and parasitologists, an the course of 
combined programmes for the development of the respec- 
tive techniques, and in practical control campaigns ^ 

Vaccination The population may be safeguarded against 
tick-borne encephalitis by mass vaccination, which partic- 
ularly refers to groups of people to be engaged in pro 
longed work in forests during the period of maximum tick 
activity Vaccmation should likewise be extended to the 
families of timber workers inhabiting newly built forest 
settlements Vaccmation should be conducted from 1 5 to 
2 months prior to the beginning of the tick season Suffi- 
cient vaccine should be available for use in all regions with 
natural foci of the disease 

Therapy All persons contractmg the disease require im 
mediate hospitalisation 

If the hospital is far off, the patients should be delivered 
by air ambulance 

One of the chief therapeutic measures is the use of 
hyperimmune horse serum The latter should be freed of 

* The use of raw goat milk causes a cerebral disease called two 
uave menmgo-encephalitis (A A Smorodintsev S N Davidenkov) 
Otmctmg the prabi'em of the speattatr of thrs and other nearoenfec 
tions we must mention the new fact that the incidence of such afflic 
lions IS observed m peoole with abnormal changes of gastnc juice 
whereas normal juice kills the virus This is a circumstance of major 
significance not in the least contradictory to the leading importance 
of ticks as reservoirs of the pathogen and vectors who infect the 
animals imparting pathogenic properties to their milk — Y Pavfovsfey 
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proteins to prevent serum disease Treatment may also be 
effected with serum from post-convalescents The use of 
this form of treatment, however, may often be limited by 
local possibilities 
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C K p bi H K H K A H iiPbiJbOBH B 3Kcnepi!iienTaibHcici!CcxcaoB3 
line K'ejren p Dermacentor siharum kok nepciiocHUhoB bccciihc- 
leTHcro 3HUc<})aTHTa TpjA*>* BoeHHo-MeAHmincKon aKaAenmi, t 25 
JT . 1941 

(Skrinnik A N andRjzhoiN V , An experimental slud) of ticks gen 
Demacenfor siUarum) 

CoioDbeo B XI BeccHHe-ieTHiifi Kneiacsoii anuecJtaiiiT M , 1944 
(Sofovyov V D Spring Stmm<r Tickbrne Sne pfialihs) 
TwiuiinKOBa M K Haiii«iHe fliipjca iciciucooro anupJiaiiiTa x 
x-iemefi 113 paaiimiiux Miibpoowroo Tpjju TostcKoro HJicriiTyTa 
BaKUlIH II CblOopOTOK, 1953 T 6 

(Tyushnjakoxa M K . The incidence ol the virus of tick borne encepha 
Iitis m A'ofina from dincrent etementary foci ) 
(pacTOBCKaKSH JlteoBilK nXlonaTiiuAH 
MaTepnaiu no aniiAeMiioionni kneiucsoro anueipa'iiiTa b aone crpoii 
TCibCToa KpacMaupcKofi MeAHUiinckaa napaaiiTO-ioriis ii napa 
aiirapiibie C<Me3Hn, 19o8 .V I 

(Fastoxskaja £ I L\o\ D K and Lopalin A N Maleriafs on Ifie 
epidemiology of tick borne encephalitis in the area of the Krasno 
yarsk power project ) 

OeAopoB 10 B Oenapyiheiiiie B kpoBii AitKHX nrim nefiTpaxiiavio- 
mux aiiTiiTci K Biipycy Kaemcuoro simciJiaiHTa Donpocu unpycaio- 
rifft 1957, .V 6 

(Fyodorov ^ V Isolation of antibodies neutralising the virus of ticl- 
borne encephalitis from the blood of wild birds ) 

<t>eAK>miin A B Marepuaiu k cp38uHTe-ibiion BKOToniii if rcorpa 

f iimechOMy pacnpocipaHCHHio b OmckcR oOxacrii raeAiioro Kiema 
xodes persulcatui — nepcHOCHiika Beceiiiiero sniueMii'iccKaro 9i 
ueiniita TpyAU OwcKoro ceibCkoxosnricTBeHiioro iiiicmiTy-Ta, 
n t9 t9W 

(FedyusfiinA V Materials on the comparalne ecology and geographic 
distribution of the forest tick Ixodfs persjlcQtus—\hc xector of 
spring endemic encephalitis in the Omsk region ) 

Xeficiiil E n MaiaiOBa P n. naaionccair V, 

P u 6 a K r fl> ripoAo-ijMiTeibHOCib UMK-ia pastnmiji /x^s A' 
sjlcatus TpyAU Kapeio-^mickoro jiiKBcpciiTeTa t G, 
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(Kheisin E A( , Malakhova R P , Pavlovskaya O , Ribak E F , The 
life span of Ixodes persulcatus) 

XoflaKoBcKHii A If KaemcBue o*iarH Ixodidae laoKHofi nojio- 
cu EBponeriCKofl Mactu OCCP riapaaiiTOJi cCopiiiiK, t 9, lisa 
AH CCCP, ;i , 1948 

(Khodakovsky A I , Foci of ticks fam Ixodidae in the taiga zone of the 
European USSR) 

Myena C B K nayaemno anHAeMHononni eeceHue jieTHero hjieme 
Eoro aHUecJiaaiiTa a Tatapcivofl ACCP MeflimimcKan napaaiiTOJio 
run ii napaatiTapHue 6ancaiin 1958, A'’' 3 

(Chuyeva S V On the study of the epidemiology of spring summer 
encephalitis in the Tatar A S S R ) 

lUanoBaa A H K'RiiHitKa, Tepaniin h npot^naaKTiiKa Knemeaoro 
aime^iaaiiTa B kh OnuT coBercKofi MeanmiHU b BeniKoit OienecT- 
BeHHofl Botiue T 26, M , 1949 

(Shapoval A N Clinical aspects, therapy and prophylaxis of tick borne 
encephalitis ) 

llIiiaoBaC A ulvpuaoBif P HsMetieiuie poau ntim o 
Q’larax Kiewecoro aHue^aanta noA Bnnnjnic'i Bup^doK jieca Bioa 
aereiib MOHfl, t 62, /A 6, 1957 

(Shilova S A and Krylov D G . Variations in the medical importance 
of birds due to wood felling ) 

lUySnaAsc A K it PaflAaMOBiin C fl KparKiifi Kype 
npaKTitiiecKoR eiipycoaonni Meariia M , 1954 

(Shubladze A K and Galdamovich S Y , A Short Course of Practical 
Vtrologi/ ) 
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ASIAN TICK TYPHUS 


Synonyms North Asian tick typhus, tick borne nckettsi 
osis, Ixodo nckettsiosis asiatica, Siberian tick typhus 

Asian tick typhus is an acute infectious disease with 
sudden onset, fever, primary lesions in the form of uJcers 
m the place of tick bite, increased regional lymphatic nodes, 

The disease was discovered m 1938 uj the neighbourhood 
of Krasnoyarsk by an expedition of the All-Union Institute 
of Experimental Medicine, headed by Prof M K Krontov- 
skaya During the expedition the rickettsial origin of the 
disease was establish^, O S Korshunova having isolated 
rickettsial strains from patients’ blood The pathogen was 
proved to be transmitted from animals to man as a result 
of suction by mature spontaneously infected pasture ticks 
Dermacentor nuttaUi Olen (P L SolitemianandS P Piont- 
kovskaya) Its natural reservoirs were likewise found 
among the principal hosts of larvae and nymphs of vector 
ticks the long-tailed suslik, narrow skulled vole and grey 
rat (M K Krontovskaya) Clmicai and epidemiological 
investigation of the disease was also conducted 
(M D Shmatikov, M A Velik, 1939, M K Krontovskaya, 
1943) Experimental proof was offered on the long-term 
maintenance of nckettsiae dunng the metamorphosis of the 
tickD nuttalli, and Its transovanal transmission (S P Piont- 
kovskaya, O S Korshunova, 1940) 

The aforenamed Soviet workers clarified the etiological, 
clinical and epidemiological features of the newly discov 
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ered rickettsial disease, and established the mam aspects 
of the natural focality of this mfection, which they called 
tick typhus The findmgs of the expedition as well as data 
on tick borne encephalitis and certam other diseases were 
used by Academician Y N Pavlovsky (1938) as a basis 
for the theory of natural focahty which he was then start 
ing to build up Subsequent mvestigations by vanous 
authors established the widesoread occurrence of tick 
typhus foci m part of the Asian USSR 
The tick typhus pathogen isolated by O S Korshunova 
(1938) from patients’ blood, was the first nckettsia patho 
gemc to man revealed in the Soviet Union The discovery 
was made with the use of guinea pigs, white rats and rab 
bits Gumea pigs mfected mtrapentoneally with 3 to 4 ml 
of blood from a patient in the first stage of the disease, 
developed experimental mfection with the characteristic 
two wave temperature curve accompanied by the scrotal 
phenomenon Vaginal smears revealed polymorphous 
rickettsiae situated mtra and extracellularly 0 2 to 0 5 ml 
of visceral suspension from the mfected gumea pigs, m 
jected into the tests of experimental rabbits, caused the 
development of orchites, while subcutaneous inoculation 
led to mflammation and infiltration followed by necrosis 
Injections into the anterior chamber of the eye developed 
speafic mdocycliUs with rickettsiae occurrmg m the cells 
of Descemet’s membrane (P L Soliterman, O S Kor* 
shunova, 1938, 1939) From 8 to 10 days later, the sera 
of infected rabbits showed a positive Weil-Fehx reaction 
With proteus OXjg, which was less intensive with OX 2 , 
however gradually beconung more intensive, and seldom 
bemg positive m low titres with OXK 
White mice inoculated mtrapentoneally with a viscer 
sii£pea£^ infected guinea pig£, deveinped a symp' 
tomless mfection (O S Korshunova, 1943) 

E P Savitskaya (1944) in expenments on monkeys (Ma 
cacus rhesus) confirmed the specificity of the earlier iso- 
lated pathogen In monkeys the disease assumed a febrile 
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course, continuing from 5 to 7 days after 3 to 4 days in- 
cubation, the Weil Felix test being positive I V Davidov- 
sky (1940) detected rickettsiae in strips of biopsied skin 
from the sites of tick bite 

After detailed cytomorphologic investigations, P F. Zdro 
dovsky and E M Gohnevich (1949) gave the microbe the 
name of Dcrmacenfroxeniis srbiriciis, after the place of its 
discovery, substitutmg the term tick typhus for North 
Asian nckettsiosis However, at the present level of knowl- 
edge, considering the distribution of the disease, it seems 
more suitable to call the disease proper Asian tick typhus, 
and its agent R asiattca, all the more so as the reservoirs 
of the disease in foci were found to be not onlv fxodidoc, 
but also Gamosidac, Trombicuhnac and fleas, whose im- 
portance m transmitting the pathogen to man must not be 
ruled out (O S Korshunova, S P Piontkovska^a, 1957, 
M S Shaiman, 1957, M I Shapiro, 1957) 

Morphological studies of the pathogen on smears and 
prints obtamed chiefly from the scrotal membranes of in- 
fected guinea pigs, and stained after Romanowsky Giemsa, 
Macchiavello and Castaneda, showed its marked polymor- 
phism single and coupled coca and bipolar baalli (occa 
sionally, the cocci may form chains) 

The stated picture is especially demonstrative m dark- 
field examination The microbes are arranged mtra- and ex 
tracellularly A rickettsial suspension punfied by fractional 
centrifugation in salme and stained with carbolfuchsme, 
resembles bacteria 

R sibincus IS filtrable through macroporous Berkfeld 
filters (T A SkonnandO S Korshunova, 1911) Like other 
rickettsiae, they are rather resistant to low temperature 
and can stay alive at 30’ C below zero for 3 years The path 
.IS AwantiKaJp-d aw;, hut survives for long 

periods when dried, especially by the lyophile procedure 
Drying is an effective method of preserving rickettsiae, 
much used for the purpose in laboratory practice Obser- 
vations by S P Pionlkovskaya and O S Korshunova 



(1953) proved the possibility of survival of R sjbiricus in 
experimentally or spontaneously infected ticks Dermacen- 
tor marginatus Sulz dunng five years with subsequent 
transmission to the fourth generation 

R stbincus survive in the viscera of white rats for up 
to lAO days, which, possibly, is not the limit (O S Kor- 
shunova, 1943) 

The immunological and serological features of the path- 
ogen are of great theoretical and practical importance for 
differentiating individual groups of rickettsiae and also for 
prophylaxis Investigations by O S Korshunova (1939) 
clarified the immunological peculiarities of nckettsiae, 
which allowed to -conclude that immunologically, the most 
complex among them are R prowazefei, followed by R si- 
bmcus and R conon Experimental cross-immunity data 
are summarised m Table 1 


Table 1 


Experiments lo Cross Immunity 


Primary 

Inoeuhtfon 

Itcpcited 

Inocuhtion 

Number ol 
eulaea i>lss ^ 

Occurrenco 
ot immunit-y 

Total 

1 Sensi 

1 lire 

Tick typhus (Kras 
nojarskstrun D) 

Tick tjphus (Kns 
noyarsk slnin B) 

16 

0 

Apparent 

Ditto 

Tj phus (Olio s 
str’iin) 

C 

6 

Absent 

Ditto 

Mediterranean fe 
>er (Cnmcin 
strain) 

Tick typhus (Kras 
noyarsk strain B) 

« 

0 

Apparent 

Tjphus (Ottos 
strnin) 

7 

i ^ 

' Rclalite 

Sfcditcrrancan le 
^e^ (Cnmcin 
strain after 

A 'i Al\mov, 
1939) 

Ditto 

1 

3 

1 

1 3 

1 

Absent 


The cited findings were confirmed in subsequent investi- 
gations Parker and Castaneda (1943) and Megaw (1952) 




note the marked degree of immunological affinity between 
typhus and the Rocky Mountain spotted fever group How- 
ever, R nchettsi (the causative agent of Rocky Mountain 
spotted fever) does not fully immunise guinea pigs against 
infection with R prowozefei Animals infected with Medi 
terranean fever do not acquire immunity agamst R nck- 
ettsi 

Giroud, Le Gac and Roger (1947) obtained a distinctly 
positive agglutination reaction for R prowtcrchi with sera 
from Mediterranean fever patients In 1953 the same au 
thors reported on the high variability of a strain of R ncfe 
ettsi, having even noted morphological changes m the 
nckettsiae which stopped reproducing m the cellular nu 
clei, 1 e , lost their distinctive specific properties Dunng 
these experiments the French authors earned out nasal 
inoculations of white mice (Giroud, Le Gac, Roger, 1953) 
Stuart Hams (1955), in his latest handbook on viral and 
rickettsial diseases, states that the cross immunity reac 
tion between R prow ozcfei and R mooscri, on the one hand, 
and R nekettst, R conort, and R ofean, on the other, have 
not been studied in detail Thus, serum from patients with 
Rocky Mountain spotted fever may react positively to an 
tigens from R prouorefei and R mooscri in the comple 
ment fixation and neutralisation tests Apparently, R rich 
ettsi possess a common antigen group with R prowacefci 
and R moosen 

The above data do not agree with those of P F Zdro- 
dovsky and L M Gohnevich (1954) who state the absence 
of serological affinity between the pathogens of tick borne 
rickettsioses (D sibincus, D conori, D murmus) and the 
nckettsiae of the typhus group (R proworehiandR moose 
ri), regarding serologic analysis as the basic method for 
differentiating nckettsiae 

Di^erential diagnosis The diagnostic methods used in 
all rickettsial diseases are the following animal inocu 
lation, Well Felix’s test with proteus OX| 9 , OXt and OXK' 
complement fixation with antigens from R sibincus, R co 
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non, R munnus, R prowazeki, R moosen and R burneti 
with obligatory analysis of group reactions In some cases 
it IS necessary to study the antibody growth dynamics 
In animal inoculation, the blood of a suspected patient is 
injected mtrapentoneally to male gumea pigs in volumes 
of 3 to 4 ml With the onset of disease in the animals, 
fresh series should be earned out, inoculatmg new gumea 
pigs with blood and visceial suspension from a diseased 
gumea pig m the second or third day of fever Convales- 
cent gumea pigs are tested for cross immunity, takmg their 
sera on the 24th or 25th day of the disease for comple- 
ment fixing with standard antigens from the aforenamed 
nckettsiae It is also advisable to inoculate six- or seven 
day old chicken embryos, injecting the sera into the yolk 
sac, and m appropnate laboratory conditions, to be used 
for infecting white mice (nasally) 

Therapy At present, the problem of therapy m Asian 
tick typhus, as all other rickettsial diseases, is solved m 
essence by the use of the antibiotics — aureomycin, Chloro- 
mycetin and terramycin, if available, whose efficacy has 
been asserted in the clinic and laboratory by Soviet and 
other authors The results of extensive experiments with 
aureomycin were published by Wong and Cox (1948), and 
Anigstein, Whitney and Beninson (1948), for chloromyce 
tin — ^by Smadel and Jackson (1947), Smadel, Jackson and 
Cruise (1949) In 1950 Smadel, JaeJ^on, Ley and Rose pub- 
lished they study on the efficaQr of terramycin In the So 
viet Union, N G Kekeheyeva (1954) successfully applied 
expenmental aureomycin and biomycin treatment to ve 
sicular nckettsiosis in white mice The efficacy of aureo- 
myem and biomycm was equal in all experiments 
Clinical observations by many authors fully confirmed 
the results of laboratory experiments All the aforenamed 
antibiotics are in effect nckettsiostatic and not nckettsici 
dal, 1 e , inhibit the growth of nckettsiae and enhance the 
development of protective mechamsms The dosmg is as 
follows 2 or 3 grams of the preparation daily, per os, 





until a fall m temperature, and 24 to 48 hours aftemards 
For Chloromycetin Smadel (1951) recommends the use 
of a 3 gram initial shock dose It is advisable to wash 
down each dose of antibiotic with a glass of some kind 
of liquid, preferably milk Harrell (1949), summarising the 
therapeutic means agamst Rocky Mountain spotted fever, 
suggests applying 50 mg/kg of aureomjcin and terramyem 
per os every 3 hours daily, as well as cortisone in combi- 
nation with Chloromycetin 

Distribution Incidence of tick typhus has been established 
m Asiatic USSR The range of tick typhus extends into 
the depth of the Asian continent, including its central 
part Recently, R sibiricus has been revealed m ixodid 
ticks m the Armenian S S R (M Kotsin>an, 1959) 

In Eastern USSR natural foci of the disease are spread 
through the steppe and forest steppe, and are known m 
the superestuary areas of nvers belonging to the systems 
of the Amur, Yenisei and Ob The range of the pathogen ex- 
tends to other 2 ones as well R sibinciis has been found 
m ixodid ticks (Table 2) mhabitmg southern semi deserts 
(basin of lake Zaisan, Kazakhstan), desert steppe and semi 
fixed sands (Ubsunur basin, Touva) Active and potential 
foci are m most cases associated with dry climate (sedi 
ments not more than 300 mm annually) 

Close proximity to mountain ranges (Altai, Salair, Tien 
Shan, Sayan, Tannul Ola, etc) or location m interalpine 
(Zaisan, and Touva) and alpme (Usmsk, Ubsunur) depres 
sions determine the common features of relief (mountains 
hills ndges) in many natural foci Among the knowm com 
ponents of natural foci widesoread m various regions m 
Eastern USSR, we may name ixodid ticks of the genus 
Dcrmacentor (4 species), Haemaphysahs (2 species) and 
the wild animafs serving as their hosts fn many foa Ga 
masxdac have been proved to take part m the circulation 
of R sibincus among rodents (Eastern Kazakhstan Novo 
sibirsk region. South Pnmorje) as well as chiggermites 
(Eastern Kazakhstan) and fleas (Khakassian region) 
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Tabu 2 

Tjtk and Flea Species Known -s Rcscr\oirs of Ricktltsiac 


Reservoir srecics 

Place of discovery 

1 Authors responsible for 

establishment 

Spontaneous 

infection 

Transovarial and 
trans stage 
transm ss on 

D nultalli 

Krasnoyarsk lem 
torj {near Kras 
noyarsk and 

Kansk^ 

P I Soliterman 

S P Piontkov 
skjya, 193S 

S P Piont 
koc skaja 

0 S Korshu 
nos a 19*1 

D nuttalli 

Near Krasnojnrsk 
and viUage of 
No\ osyolo\o 

S P Piontkocska 
>a C V Arkh 
ina 0 S Kor 
shuQOtn 1939 

The same 

D nuttallt 

Khakassian region 
(Usl Abakan 
Bograd and 
Usinsk districts) 

0 S Korshunoca 

S P PiontJ o> 
skaja 1951 

The same 

D tiuUalU 

Cbila region 

r D Petn\c\ 
194C 

“ 

D slUarum 
Ilaemapt ysalis 
concinna 

Koch 

Khabaro\sk Urn 
tor> 

L P Sa\itskojn 
19 13 

n P Sasils 
kaja 19i3 

D iiUarum 

Kemcroco region 

D t Plelsilj 1 

1957 ' 

— 

D stltarum 

D plctus 

Noe osihirskicgion 
(Toguchiiisk 
district) 

M S Shaimin 
19o7 

M S Shaiman 
10a7 

D marginatiis 
D picius 

Altai territory 

S M Kulagin 

N 1 AIfej-e\ 

0 S Korshunoia 
1947 

S P Piont 

1 ovskayi 

0 b Korsliu 
nosi 1953 

D marginalia 

Ca«t Kazakhstan 
(ShcmonaikLa 
and Zaisan dis 
tnets) 

0 S Korshuno 

M 

S P Piontkoc 
skaja 19o7 

S P Piont 
kosskaja 

0 b Korshu 
nova 19o7 

D marglnalu$ 
11 punctata 

Alma Ala region 

D S Arkhangel 
sk> 195o 

“ 

D marglnatus 

Jl punctata 

Kirghizia 
{Issyl Kul region) 

M K Kronloi 
skaja 
k, 9 

19 iC 

G \ KMlnits 
kaja 1917 

M K Kron 
tos-sknja 
k* V 

laja 1910 

11 ctmctn ra 

Southern Primo 
rjo (Banbasli) 

/ M Zlimaj-cta 
19 lO 

A At 7hmi 
jcvn 1910 
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(Cd’iltnud) 


KesciTolr Species 


Place of discovery 


|mr«avarial anl 
tt-1'lSSJ'^ 
t-gflSmiM 01 


Southern Pnmo 
ije (island) 

Cistern Kanlklislml 
(Shemonaikba 
district) 


G P Somov 
\{ I Shapiro 
A A Petrov 
1957 

0 S Korshunova 
S P Pionllov 
skija 19o7 


//irsffcinya‘'us 
myospdliett 
sp n 2crask 
et Pionlk 
(from Altai 
aokor) 

// ftabettmus 

Oud 

IlaemolaeJaps 
glasgot * 

tiolhrko'aspts gp 

(from com 
men ham'ter) , 

Oama'idc* (from' 
burroMS of 
narrow 

skulled vole) 

SehoengasHa ro 
tundata 

A eopsylla getosa 
(from long 
tailed suslik) 

CUnophihalmus 

orraltJ (from 
mrrow 

skulled vole)’ 

rjvote From suspensions chieflj including thr*o Ilei species bs 
well as some others 

Ixodidae not only transmit the infective egent to mi 
mals and man, but present its stable 
evidence likewise of the stage-to-stage and 
transmission of R sibiricus by ticks, and 
of the agent through 4 sene?U 0 "s o mar 

gmotus (S P Piontkovskaya and O S Korshunota, J 


Island in South 
Pnmofje 

I asl Kizaklislvn 
(/jisan region) 

Novosibirsk region 
(Toguchinsk dis 

tnci) 

Hast Korakhstan 
(Shemonaikba 
district) 

Klukassian region 
(List \bakan and 
Bograd districts) 
Klwkassian rcgionl 
(Ust Sbvkan and 
Cograd districts) 


C P Somov 
\( I Shvpiro 
A A Petrov 
19o7 

0 S Korehunova 
S P Piontkov 
skaji 1957 
\l S Shaitaan 
19o7 


O S Korshunova 
S P Piontkor 
ekajTi 10o7 

0 S Korshunova 
S P Piontkov 
ska^i 1957 

O S Korshunova 
S P Piontkov 

skaja 1959 




Cases are known when R. sibiricus was transmitted by 
spontaneously and artificially infected D. nuttalli during in- 
terrupted (with intervals up to 1.5 months) and uninter- 
rupted blood meals on guinea pigs (S. P. Piontkovskaya; 
O. S. Korshunova, 1947, 1959). During their life cycle the 
ixodid vectors of tick typhus change three hosts. The 
mature forms, larvae and nymphs take a single blood meal 
apiece, each on a fresh host, each blood meal continuing 
for several days. In laboratory conditions, the development 
of ticks g. Dermacentor (from the detachment of the 
engorged female to nymph-moult) occupies approximately 
2 to 2.5 months (D. nuttalli — S. P. Piontkovskaya, 1941; 
N. D. Yemelyanova, 1956; D. pictus — N. G. Olsufyev, 1953; 
D. sUvarum — ^A. I. Shpringoltz-Schmidt et coll., 1935). 
Ticks of the genus Haemaphysalis have a longer life cycle, 
continuing from 3 (U. punctata— M. V. Pospelova-Shtrom 
and S. P. Piontkovskaya, 1949) to 5 and more months (H. 
condnna — B. I. Pomerantsev, 1950). 

In nature, the life cycle of a tick population may in- 
crease depending on climatic conditions, number and as- 
sortment of hosts, periods of encounter with the latter (in 
each of the metacyclic stages), and famine resistance. 
Owing to the marked seasonal character of preying in the 
larvae and nymphs of Dermacentor, and the shortness, in 
laboratory conditions, of their life span as compared with 
other species, there is all reason to believe that the de- 
velopment of a single generation in this genus occupies one 
year (G. V. Serdyulcova, 1950; N. D. Yemelyanova, 1959). 
For H. concj'nna, in nature this period is extended to 2 
years (B. I. Pomerantsev, 1950). Since in nature, ticks are 
capable of prolonged starvation (D, pictus — 3 to 4 years, 
N. G. Olsufyev, 1953; D. marginatus 2 years — ^E. I. Pokrov- 
skaya, 2B53), tke Jadi of iiosis, tha iroago forms are 
liable to repeated hibernation. Owing to that, the life cycle 
of part of a generation may continue for 2 years and more. 

Species of Ixodidae including vectors of tick typhus, are 
spread through different zones of the U.S.S.R. (Table 3). 
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The range of D. nuttalli in the U.S.S.R. has a northern 
boundary. Phylogenetically, this species is associated with 
the Central Asiatic species D. birulai (B. I. Pomerantsev, 
1950). Its range is kno\vn to extend through north-western 
(N. 0. Olenev, 1929; S. A. Svirskaya, 1941) and north- 
eastern Mongolia (M. N. Baidin, 1944), eastern Tibet and 
northern Tien-Shan (B. I. Pomerantsev, 1950). In the 
U.S.S.R. D. nuftalii occurs in the steppe along the moun- 
tain river Chu, Gorno-Altai region (P. V. Semyonov, 1954) 
and at 1,300 metres above sea level in the Ubsunur basin, 
Touva (S. P. Piontkovskaya, 1959). The range of D. pictus 
generally coincides with the mixed and deciduous forest 
zones (B. I. Pomerantseva, 1950) where it abounds in mead- 
owlands, among scrub and on timber-felling sites (south- 
ern part of Moscow region — N. G. Olsufyev, 1953). This 
species is widespread in the forest-steppe of the Omsk 
(A. F. Fedyushin, 1949) and Novosibirsk (G. K. Lonsinger, 
1957) regions. 

The vectors’ preying seasons are given in Table 3. In- 
formation on the phenology, habitat distribution and as- 
sortment of vector hosts is available for the Krasnoyarsk 
territory (D. nuttalli — S. P. Piontkovskaya, 1941, 1951), 
Touva basin (D. nuttalli — S. P. Piontkovskaya and N. K- 
Mishchenko, 1959), Altai territory (D. marginatus, D. pic- 
tiis — N. I. Alfeyev, 1953), Novosibirsk region (D. pictus, 
D. silvarum — G. K. Lonsinger, 1957), Southern Primorye 
(H. concinna — Z. M. Zhmayeva, 1946). The preying season 
of D. nutalli in the neighbourhood of Krasnoyarsk is given 
below, the respective data for the Touva basin being the 
same (S.P. Piontkovskaya, 1958). 

According to available information, the following ticks 
may spend the winter attached to cattle, though without 
sucking the latter’s blood: D. silvarum— Khabarovsk ter- 
ritory (A. F. Kasyanov, 1947); Primorye territorj’— <A. I. 
Shpringoltz-Schmidt, 1935); D. marginatus, D. pictus (Omsk 
region— G. I. Getta, 1954); D nutfa/ii— Krasnoyarsk ter- 
ritory (S. P. Piontkovskaya, 1951). 
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The post hibernant activity of mature ticks Dermacentor 
IS of marked seasonal character The ticks take blood meals 
on animals en masse and attack man from early spnn" to 
the beginning of June With the advent of heat, the ticks 
sit hungry m their shelters, and then, from the middle of 
August (or somewhat earher or later, depending on local 
climate) again issue forth to suck blood In the Touva 
basin (600 metres above sea level) D nuttalh has been ob 
served to attack man m July (S P Piontkovskava and 
N K Mishchenko, 1959) The ticks usually climb to the 
tops of dry undergrowth and there lie in ambush in typi 
cal poses, attaching themselves, on occasion, to passing 
cattle or human clothes Mature ticks of the genus Hac 
maphysahs usually repose on live grass as well, the active 
season of H punctata and H concinna extending from 
spring to the midsummer months The larvae and nymphs 
of Dermacentor parasitise during summer, while m August 
the engorged nymphs moult into imago The larvae and 
nymphs of H punctata and H concinna feed from spring 
to autumn 

Apart from vector ticks, the natural reservoirs of R si 
biricus are known to be Mundac and other Rodentia serv* 
mg as tick hosts (Table 4) The periods through which 
they maintain the pathogen m nature have not been cs 
tablished O S Korshunova, S P Piontkovskaya, N A Ni 
kitina (1959) reported the maintenance of R sibincus by 
mature post hibernant steppe lemmings, long tailed susliks 
and narrow skulled voles m natural foci of the Khakassnn 
region The animals were examined m May, before larvae 
of D mttalh had begun parasitising them 

Ixodid ticks (among them vectors of tick borne typhus) 
parasitise on a broad range of hosts In cultivated, espe- 
cially cattle breeding localities, cattle are the main source 
of food for mature ticks of the genera Dermacentor and 
Haemophysahs The younger stages usually feed on small 
mammals H punctata and H concinna may also parasitise 
birds 



Table 4 

Animal Hosts of Vector Tuks-Natnral Rcspr\oirs of 11 sibiricus 


MelhoJ of cs 
tablisiiln? int 
Ural infc-cLlon 


Nirrov, skulled 
sole (SfcnocMnJHS 
grfga/ls Pall ) 


AearKnsnoyirsk 


Slcppc lemming 
(Laeurus Jagurus 
Pall) 

DoraesUe mouse 

(j1/hs mus'ulus 1 ) 

Drown liare {Lc 
pitseuropaeusi’aW ) 

Long tailed sus 
Ilk { 6 lfW/«s undu 
latiis Pall ) 


KUakassian ro* 
gion (Lst Abakan 
dislrtrt) 
Klnkassinn re 
gioii (Bograd dis 
tncl) 

j KItaknssiau re 
gion (Usl Abakan 
district) 
Khakissnn re 
) gion (Altai dis 

trict) 

NeirKrasnojarsk 


DiUo Mnkassian re 

pion (Dograd and 
Ust-Abikan dis 
Iricls) 

UsabisinfVillagc 
of V Lsinskojc) 

Grey rat {Uatlu^ ^c^r Knsnojarsk 
’iorieglcus Berk) 


M K Kroii 
to%ska\1 lO'lS, 
S P PiontkoN- 
ska>a A P Bo 
In j ova 0 S 
Ko^shuno^n, 
I9J9 

0 S Kof' 
«lmnovn, N A. 
NikiUnn, 105(1 
0 S Korslm- 
nova, N A Ni 
kilim, lOuC 
0 S Korsliu* 
nova, N A M* 
ktliua. 1057 
0 S Koralm- 
no^a, N A Ai 
kiUna, 1957 
M K fTr-- 
lovskaja, r*1?. 
O S 

no\a. K. \ tr- 
kliina. ij'j} 

• 0 2 t tj- 
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Method of w 
taMlsh{n?ai 
Ural mtcctlor 

t 

Species 

Natural foci of 
tick borne typbus 

if 

|-5 

g=| 

Author 

Field mouse 
{Apodemus agrunus 
Pall ) 

Peed %oJc (V/lc 
rotus miclinol 
notsch ) 

Khabarovsk Icr 
ritorj 

+ 

- 

C P '^avits- 
kija 1930 

Khabaroxsk ler 
ritory 


_ 

I P Suits 
kaja 1939 

Far Eastern liam 
sl6T (Cncetulus bora 
bensts Pall ) 

Khabarovsk ter 
rilory 

+ 


L P Snvits 
kaj-a 1939 

Chipmunk (Eula 
mlas stbiricas 

Laxm } 

Khabarovsk tor 
ritory j 

1 

+ 


I r Siviia 
laii i030 

Hit {Hatlus nor 
tegleus caraco) 

Khabarovsk tori 
nlorj 

h 

— . 

r p SJvits 
kija 1939 

Ilcd cliccltcd sus 
Ilk (Cltellus eryth 
rogenys Brandi) 

Novosibirsk rc 
jfiion (Togucbinsk 
district) 

j. 


M S Sliiltnvn 
1957 

Common liamstcr 
(Crlcetus cricetus L )1 

Novosibirsk re 
pion (Togucbinsk 
district) 

"i- 


[ M S '^liaimvn 

1 I9a7 

^a^^ow skulled 
vole (Mlcrolus gre 
galls Pall ) 

Nov o«ibirsk re 
pion (Togucbinsk 
district) 

K 


M S 'JUairaau 
I9 j7 

Field mouse(^;» 
demus agrarius 

Pall ) 

Novosibirsk tc 
pion (Togucbinsk 
district) 

+ 


M S Sliaiman 
1957 

Reed vole (1/ 
mtchnol) 

Island in South 
ern Pnmorjo 


1 ICO 

G P •'otnov 
\I I «:hipiro 

A A ptfroi 
19o7 

Cjf> liamsier 
(Cricetufiis migrato 
rius Pall ) 

SjTnbols + strai 

yVrajcuja 

n i«oIaIed — test m 

0* midi 


M I Kotvl 
nj'an t9j!? 
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The distribution of ticks through individual areas is 
usually associated with the ecological features of the prin- 
cipal hosts Formidable tick foci usually spnng up in the 
places of concentration of animals serving as blood donors 
to all the metacycUc stages, and in localities providing 
favourable macro- and microclimatic conditions for meta- 
morphosis, hibernation, oviposition and subsequent de 
velopment of eggs m the environment Since the vectors 
of tick borne typhus have to change three successive hosts 
m the course of development, the distribution of man- 
attackmg post-hibemant ticks in nature depends on the 
local distribution of the prmcipal hosts of the pre imago 
stages (nymphs) Thus, in tick borne typhus foci of the 
Krasnoyarsk territory and Touva basin, the most abundant 
collections of D nuttalh are made on wormwood and ce 
real grown areas inhabited by the long tailed suslik The 
incidence of this animal’s burrows as a sure landmark for 
detecting D nuttalh in both virgin and cultivated localities 
In the latter, the survival habitats of the suslik and con 
centrations of D nuttalh occur on field margins, roadsides 
and hillsides (Kansk and Usa distncts) Information as 
likewise obtainable on the local distribution of other vec- 
tors in tick borne typhus foci Thus, m one of the foci of 
Southern Pnmorye, D silvarum abounds among the scrub 
on hills and mountains (A A Preobrazhensky, 1957) In 
one of the foci of the Novosibirsk region this species is 
prevalent m birch groves, scrub grown forests and on 
newly-felled mixed forest areas (G K Lonsmger, 1957) 
In the Altai foothills, D margimUus and D pictus are prev- 
alent m thickets of dry wormwood and copses of birch 
and aspen (N N Alfeyev, S M Kulagin, 1953) In Southern 
Kazakhstao, D marginatas is mostly prevalent ici the. foot- 
hills of the Transilian Ala-Tau (E N Bartoshevich, 1957) 
H concmna m one of the foa of Southern Pnmorye is 
typical for habitats occupied by drying tussocky swamps 
(Z M Zhmayeva, 1940) 


Its 



, Ixodid ticks, small wild mammals and cattle are the 
principal components of natural foci of this disease, some 
bein^ vectors and reservoirs of the pathogen in nature, 
and others acting as donors for the said ectoparasites. 
Hence, anti-tick prophylaxis should include in its scope 
the entire combination of species participating in the main- 
tenance of the pathogen in the given locality. At present 
there exists a variety of mechanical, chemical and agro- 
technical measures advisable for reducing the population 
of ixodid vectors and their hosts. In drawing up control 
programmes, attention should be paid to concrete local 
conditions (natural and economic) in each given focus. On 
this aspect, however, there is comparatively little published 
information. For the Krasnoyarsk territory, V. A. Nikonov 
(1953) advised treating cattle with 10 per cent DDT po%vdcr 
to destroy D. nuttalli (70 gr per animal). S. P. Pionikov- 
skaya (1931) reported the efficiency of burning dead growth 
in spnng. The number of ticks in an area subjected to 
burning near Krasnoyarsk was many times Jess than in 
an unbumed control (Fig. 10). F. 1. Dzyubak and S. S. Deg- 
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tyaryov (1956, Khaba- 
rovsk territory) advised 
eliminating D. silvarum 
by hand- or machine- 
spraying the respective 
area with hexachlorane 
(1 gr ADV per sq ra of 
the area) The same 
authors proposed de- 
stro3ang H concmna m 
nature by use of 0 3 to 
0 5 gr ADV per sq m In 
other regions, outside 
the range of tick typhus, 

D pictua was success- 
fully destroyed by treating cattle, sheep and goats with 
DDT (50 gr of 10 per cent powder per head), the treat- 
ment being repeated 4 or 5 times during the season, with 
7-day intervals (L N Pogodina, 1951) 

On cattle farms, it is advisable to plan and effect pasture 
turnover m accordance with the phenology of the vectors 
In foci harbouring D nuttalh, apart from the measures 
already mentioned, it is recommended (a) to bum the dry 
growth on steppeland pastures early each spring (Fig 11), 
doing It in the shortest time possible, and (b) to eliminate, 
in forest-steppe areas, all small sized thickets occurring on 
ploughland, regularly ploughing up and weeding all road- 
sides and spaces between fields 

A prominent item m the general system of prophylaxis 
against tick typhus and other diseases with natural foci, 
IS rodent control 

The basic means of individual prophylaxis are regular 
inspections of the body and clothing for ticks (see chapter 
on tjck-bome encephalitis) 

In many of its aspects, the problem of tick typhus still 
awaits solution Besides eluadatmg its nosogeography 
(determining the northern and \\estern boundaries of 



Fig 11 Amount of adult ticks Der 
maccntor nuttalli on 0 5 hectare area 
With (a) old and (b) burned grass 
(collected by hauler) 
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pathogen distribution), the structure of the respective 
natural foci (assortment and number of hosts of R. sifafri- 
cus, and the entire nomenclature of ectoparasites), the 
phenology and ecology of their principal components and 
the part played by each of the latter in maintaining the 
infection, it is important to clarify the daily routine and 
life span of mature vectors, and to determine the percent- 
age of rickettsia-carriers in the population of post- 
hibemant ticks at springtime or pre>autumnal collection 
(for Dermacentor — late in August-September). Other points 
to be cleared are the length of the pathogen-carrying 
period for reservoirs in nature and the content of comple- 
ment-fixing antibodies for R. stbincus in the blood of cattle, 
as well as goats and sheep. 

No less urgent is the development of more efficient 
methods for detecting and counting mature vectors and 
their pre-imago stages in nature, the elaboration of more 
perfect methods of eliminating the vectors in their habitats, 
and the invention of effective repellents for protecting 
people against ticks. 
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COLLLCTION OF I\ODID TICKS AND OTHER ANniAL 
ECTOPARASITES IN TICK TYPHUS FOCH 

A natural focus of disease maj include numerous compo''e''S 
(arthropods and mammals) mtimatel> connected b> \anous b’o^c 
interrelationships For some regions there is nroof that R sibmcas 
IS circulated, among others, by Gamastdae. TrombictiUnac and 
Hence, investigations m such foa should embrace th«* entire asson 
ment of animal ectoparasites (in areas populated by II puncia*a and 
H concinna birds should be taken into account as well) with the view 
of determining their species, number and importance in maintanirg 
and transmitting the pathogen 


Ixodid Ticks 

The varied circumstances in which the tick vectors of the tick 
tjTihus pathogen may occur during their life cjcle, eg. proSorg*d 
periods of residence m the fissures and on the surface of the soil 
(for hibernation, onposition and moulting) on plants (prepanng for 
attack) and during attachment to the host, which may occupy several 
days in each state of development, necessitate the use of dilTerrnt 
methods of collection from the terrain and bodies of wnld and ag 
ncultural animals 

Epidemiological surveysshouldcoverthepremises of humandirell 
ings. adjoining yards and gardens all domestic animals includrg 
cattle maintained m cattle yards, stacks of hay and straw, fleeced 
wool, and all other objects liable to contact with patients. In the case 
of large mammals, such surveys should include inspection and pal 
pation of the head chest, neck, back, and the abdomnal and pos 
tenor surfaces of the groins Domestic and field rodents (rats susl ks, 
hamsters gerbils jerboas, etc.) are caught wnth snares and other 
rodents and fnscctivoro — ^with mouse traps Hay, straw and wool are 
picked over a sheet taking these matenals in successive potions 
from stacks neks etc 

The typical b otop^s of vanous species of Dcmocentor and 
Hocmophysalis are areas of stejipe forest steppe and occasionally the 
banks of nvers and lakes vis ted by cattle or inhab ted by rodents 
and Insectivoro, as well as ground nesting birds (hosts of H 
and H concinno) The habitats where ticks concentrafe lire focsirn 
by investigating vanous localities (with du® regard for iricrotopo 
graphic details) on cultivated and uncultivated terrain natural grarng 
grounds and haymaking areas, hill sides, mountain flanks etc 

' This section is written by S P Piontkovskaya 
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In open steppe and forest steppe habitats ticks are collected 

(a) by hand from dead grass, counting the yield per unit of area 

(b) by means of a so called hauler (Nuttall s method) of rough cotton 
fabric or flannel of light, uniform colouring 100X45 or 120X60 cm m 
size, one of whose narrow hems is attached along a pole, the other 
being fitted with ribbons by which the surveyor trails it on his right- 
hand side over areas covered with low grass In forest steppe areas 
the same purpose is served by a flag of the aforesaid stuff 100x45 cm 
in size, fixed to a handle This device is drawn gently over scrub, 
tall grass, dry stalks or the grassy undergrowth m closed biotopes 
(the devices employed for tick collection are shown in Fig 6) 

When investigating pasturelands for hungry larvae of D margi 
natus, the work may be done with a so called spindle representing 
a piece of flannel \vrapped several limes round a stick and secured 
by a string By a dnll like motion, the device is slowly driven into 
bushes to about half their height 

The larvae and nymphs of H punctata and H concinna are col 
lected from small mammals and birds Susliks, hamsters, gerbils, 
gerboas, etc, are caught with traps left at dawn or sunset at the 
entrances to burrows Traps for susliks and hamsters should be 
examined and reset several tunes during the day, or, for nocturnal 
arumals at night or at dawn Muridae are caught with mouse traps 
which are set at nightfall 25 50 100 in a row. at five metre intervals 
m different microhabitats of the area under survey, eg, clumps of 
grass or scrub, hollows, etc 

The bait 13 made of finely chopped pieces of rye bread and carrot 
dressed with vegetable oil The traps are examined at daybreak 
Some animals, like the narrow-«kuUed vole, field mouse and steppe- 
lemming, are dug out of their bumws together with their nests on 
plots of sown grass or cereals Domestic mice are caught with mouse 
traps set at hole entrances inside and outside the premises Birds 
are shot Each animal, regardless of the method of collection is tied 
securely into a white cotton bag with a label showing the point, 
habitat, date and hour of collection, as well as the name of the col 
lector The ammals should be removed from traps as quickly as pos 
sible, since the fleas and Gamosidae >mI 1 soon abandon the cooling 
carcass 

In the laboratory, the animals are combed with a fine comb or 
tooth brush, inspecting their ears and going through the fur with a 
line needle and tweezers After that the bag is turned fnside out 
over an enamel trough whose sides are smeared with vaseline All 
the revealed ectoparasites are counted if possible, making special note 
of Ixodldac and Gamosidae Trombiculmoe and fleas after which, by 
means of a needle dipped into alcohol, they are placed into separate 
entomological test tubes with 70“ alcohol Records of ectoparasite 
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counts are kept m a special notebook whose pages are ruled as 
lows 


Animal 

Ixodtdie 1 

1. . 

Tromli 

rijaj 

Let 

Imigo! 

Larvae 

Nymihs j 






i 

j 

i 

1 

1 

i 

t 


The table should contain entnes on the total number of ectt^ar 
asites repealed at each combing (for animals) or inspection (for 
birds) At the end of a survey, all count results are entered in a jair 
nal with special columns for each grouo of ectoparasites Th» ecto- 
parasites taken from each ammal are placed into separate test 
together with labels written m black ink showing register nurfcer 
and species of animal, point, habitat, date of collection and 
collector On doing that, the test tubes with TO’ alcohol are shopped 
with cotton wool plugs dipped into alcohol (avoiding access of 
bubbles) and placed into wide necked glass jars The bollom o' 
jar IS lined vmh cotton wool, on which the test tubes are set upng- 
in rows separating the latter with wads of cotton wool to av^ 
shaking The whole is covered with cotton wool, on wh ch a 
layer of test tubes is placed, and so on The jar is filled with 4^ 
alcohol, tightly closed with a cork stopper, bound with gauae # 
sealed with paraffin. In this manner collections may be 
>ears The jar is supplied with a label showing register number rwt, 
place and time of collection 

Mature ticks are identified bj means of a binocular lens Of 
scopic microscope, type MBS 1 A live hungrj tick is examin 
plaang it between thin slides gently pressed together at the 
by two rubber bands . 

Before examination, alcohol treated ticks are dned with 
paper, and placed in the folds of a stnp of corrugated . 

else in plasticine or cork The tick is examined from difieren e 
under direct light , _ . ni ,„•«>- 

The sjstematics of juvenile forms of Demccentor an 
phalus have not been sufficiently studied Hence, a. 

hosts, the larvae and nymphs of these species are left a i' 
velop into mature forms feeding them on laborator> O'U'tiais 

Gamasfdae, fleas and burrow inhabiting soecies of 

collected by excawting the burrows of their hosts TOc 
burrows and small birds nests is placed into separa e 




together with labels bearing the usual data, and firmly tied Dunng 
delivery to the laboratory, the bags should not be permitted to over- 
heat, and, if immediate exammation is impossible, should be kept 
in a dark, cool place The burrow substratum containing the ticks 
and insects, is examined by small portions m a bowl For convenience 
of work and completeness of collection, it is advisable to use 
thermoeclectors, which are available in several modifications A con 
vement device of this kind is a white tin funnel 25 cm in dia and 
30 cm long with a close fitting hd and a neck 7 cm long and 8 cm 
in dia , which is tightly inserted into an iron can 7cm high. To the 
mner walls of the funnel is soldered a hoop securing a rare meshed 
iron net on to which the nest being examined is placed The can is 
filled with a water solution of glycenn The thermoedector is set 
on a tripod in the sunshine, or else an electnc lamp is installed over 
the lid of the funnel The heat forces the inhabitants of the nest 
to crawl down into the can, where they are extracted from the glyc- 
erin by a pair of tweezers, a needle, or fine brush, dried on filter- 
paper and, depending on the purpose of the work, placed into lest 
tubes with 70® alcohol or sawdust 

The results of parasitologic surveys of different areas, animals 
and premises are registered m blank form No 1 

Maintenance ond feeding of Ixodid ticks The maintenance of 
i\odid ticks, including underfed specimens collected from their natural 
habitats or animals for observation of development, is effected in 
the laboratory by feeding on guinea pigs, white mice, rabbits, etc 
Feeding on guinea pigs may be used for isolating rickettsial strains 
Ticks removed from wild animals may also be tested for spontane 
ous infection by the suspension technique Ticks collected m field 
conditions and from large agricultural animals are placed into bacte 
nological or flat-bottomed entomological test tubes which are closed 
With tight-fitUng stoppers wrapped in gauze The equipment required 
for the work includes blunt tipped tweezers, a soft, thin camel hair 
paint-brush, and a notebook and soft pencil, all of which are placed 
Into a field bag together with a supply of test tubes wrapped in 
paper and placed into the bag with their corks upward In the 
laboratory, ticks are maintained in test-tubes with moist softwood 
sawdust 

The latter are prepared as follows A test tube is half filled with 
a loose mass of large grained sawdust, preferably sterilised, which 
Is covered st the top tvith a fiJItir-paper disc cut to the diameter of 
the test tube The space above the sawdust is occupied by a corru- 
gated strip of the same paper Moistening is effected by means of a 
Pasteur pipette, wetting only the lower layer of sawdust For ticks 
populating dry open habitats (eg, D nuttallf) it will suffice to 
moisten only one third of the volume of the sawdust D picfus, 
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D margmatus, Rhipicephalus 
and Haemaph>saii5 require 
higher humidity, le, the lower 
half of the sa%\dust should be 
moistened For the moisture Im 
mg species of I:codidae and 
certain species of Hoemaphyso 
lis, almost the entire mass of 
sawdust requires moistening 
Different tick stages require 
different humidity, which is 
determined by observation Ex* 
cess moisture is fatal for the 
ticks, the free part of the test- 
tube and the paper stnp should 
be dry If condensed vapour or 
drops of water from the pipette 
occur m the test tube, the latter 
should be carefully wiped from 
the inside wth cotton wool 
held m a pair of tweezers 
maintaining mature ticks 
engorged females and nymphs, 
an ovennoistened test tube is 
closed for several days with a 
piece of gauze instead of cotton 
wool The need for re-moisten- 
jng the sawdust depends on the 
general humidity of the room 
where the licks are mamiamed 
The test tubes are regularly 
examined (not less than once 
a week) 

Test lubes containing ticks 
are kept upright in test-tube 
holders, boxes, etc., shading 
them with black paper For pro- 
longed maintenance of hungry 
ticks, it IS advisable to keep 
them at temperatures from 2 
to 18“ C To accelerate the 
development of replete ticks 
(during moulting or o%nposition) 
the test tubes should be kept 
at temperatures from 24 to 
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28® C m special hotbeds or in boxes fitted with internal electric 
conduit, or else, m thermostats or polythermostats with thermoregu- 
lation 

When studying the metamorphosis and hfe cycle of ticks or 
testing them for spontaneous infection, the ticks are fed on labora- 
tory animals The experimental animals of choice are rabbits, guinea 
pigs, and white mice Rabbits and guinea pigs are convenient for 
feeding all stages of three-host ticks Rabbits are likewise advisable 
for feeding large numbers of ticks in any metacychc stage, as well 
as larvae of two host species which moult into nymphs without 
detachment from the host, a process which may occupy two weeks 
or more One animal is used for simultaneous feeding of all ticks 
of a single definite speaes (preferably, also, m the same stage of 
metamorphosis) collected from the same host and in the same place 

Tick feeding requires the following equipment operating board 
and bandages for immobilising the anintal's extremities, tin number 
tag, razor blade, curved scissors, tweezers, cloth sleeve, glue, 
cardboard, film or tin collar, needle and thread, piece of wire, soft 
brush, cage on tray, and journal for registering the data obtained The 
sleeve is used to prevent the ticks’ escape and is made of cotton, 
with a square or circular cross-section, cut to the size of the area to 
be shaved on the animal's back. A strip of the same material 5 10 cm 
long is sewed to the base of the sleeve, producing an object shaped 
like a top hat The base strip is smeared with glue— condensed 
collodium or a preparation of small bits of emulsion free exposed 
film dissolved m acetone The collar is made circular in shape, with 
a hole in the middle to fit the ammal s neck, the nm at one point 
being cut through The collar is pul on the animal’s neck m such 
a manner as not to hinder feeding and to prevent the animal from 
discarding!! 

The operating board presents a thick plank with four nails or 
screws in the comers, the animal is placed on the board feet down- 
wards Each of the animal’s legs is stretched out and bound with 
a piece of gauze to one of the nails, m such a way as to spread it 
prone Part of the back, at a certain distance from the shoulder- 
blades, IS shaved clean, the hair free area being suited to the size 
of the prepared sleeve The nm of the sleeve is profusely smeared 
with glue and applied to the bare slun The sleeve should adhere 
without creases and gaps, being held in place with the fingers till 
the glue begins drying Adhesion may be quickened by blowing over 
the glued surface with a rubber synnge When the edges are dry, 
hungry tides are let in through the open top of the sleeve, counting 
the number of females, males and nymphs, larvae are put in without 
count The brush used in transfemng the ticks Is washed m alcohol 
or lysol, so as to remove all larvae The top of the sleeve is tied up, 
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a number tag fuccd to the animals ear and the collar put on its neck, 
tightening the edges with thick thread or wire After that, the animal 
IS placed in a jar or cage, which is set on a tin tray with sides not 
less than 5 cm high To prevent acadental escape of detached ticks, 
the tray bottom is covered with water to be changed e\ cr> da> Blood 
meals are registered in the joumaf according to form No 2 


Hecord Form No 2 

Species and Number of Animii 



In attesting natural infection in ticks by feeding on guinea pigs 
the latter’s temperature is taken at one and the same hour for 20 
days, preferably m the morning, before checking the ticks beneath 
the sleeve and cleaning the animal The results are entered in the 
journal At the end of the experiment the temperature is either 
registered graphically or tabled according to form No 3 

flccofd Form No 3 

Temperature of txpcriiiiciilil AiiimnI 










with moistened sawdust, registering their number in the /ournal 
according to form No 4 
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The ticks on disattachment are classified as to degree of repletion 
which determines the duration of their subsequent development 
When feeding ticks on animals of different species, the entries are 
made in different journals, one for each species In mass feeding on 
white mice, the only device required is a film collar The mouse is 
placed in a glass jar. the bottom of which is covered with satvdust 
or oats, and a feeding trough is installed on the latter Drinking 
water or milk is poured into a cotton wool plugged test tube which 
IS placed upside down on the net lid of the jar The jar is put on 
a Stand into a bowl of water whose level must be below the bottom 
of the jar The test tube with hungry larvae is placed open into the 
jar containing the mouse, after whudi the jar is closed with a cover 
of metal netting In such conditions hundreds of larvae can suck to 
repletion Daily inspection of the attached ticks and the jar and 
water bowl content serve to determine the beginning of detachment 
of engorged specimens, observations being continued until the last 
engorged tick falls off 


Collection of Gamasidae, Chiggermite Larvae and 
Fleas in Tick Typhus Foci 

Acarina of the extensive superfamify Camasoidea inc/ude many 
temporary or permanent ectoparasites of mammals, birds and rep 
tJles Some species Inhabit the wscera and internal cavities of the 
body The Gomasldae include both predatory species and necro- 
phagues The technique used m collecting Gamosidae from animals 
is the same as m the case of ixodid larvae and nymphs 




All ticks revealed are removed from the cuvette or bag by a 
preparing needle dipped into 70“ alcohol, and placed into test-tubes 
In collecting the ticks from birds, special attention should be given 
to the body, carefully going through the feathers and inspecting 
the beak After opening the latter, the examiner cuts out the palate, 
hits of which are submerged in water on a watch glass and subse 
quently examined from all sides with the help of a binocular lens In 
reptiles (lizards) the examiner should lift the scales on the bodv with 
a needle, Iikevvnse inspecting the eyelids and comers of the moutfi. 

Gomosidae are identified microscopically, preparing the specimens 
as follows (N G Bregetova, 19SQ The ticks ore removed from 
the test tube to a watch glass with distilled water and washed there 
for several minutes On removing the water by means of a pipette, 
the watch glass is filled with a S to 10 per cent alkaline solution 
and covered with glass After 10 to 12 hours the licks are washed 
with distilled water, then transferred into a drop of arabic gum 
mixture (Faure Berlese’s liquid)’ which is placed wnth a needle on 
a clean slide, and covered at the lop with a clean cover glass The 
ticks are arranged m the drop with their abdomens upwards and 
downwards, to enable detailed morphologic inspection of either side 
of the body The content of the label is re wntten on the glass at 
the right hand side of the specimen The preparations ore laid out 
horizontally on folders and kept from 2 hours to 2 weeks at a tempc 
rature of 60“ C 

Instructions on the identification of Gomosldac may be found in 
a handbook by M G Bregetova (Gomosidac, 1956) and the book 
Rodent Ticks of the USSR, Leningrad, 1955 (chapters b> 
A B Lange and A A Zemskaya) 

Chiggermites (subfamily Trombiculinae) parasitise various 
mammals, birds and reptiles only m their larval stage The mites 
may be distinguished under a hand lens by their red or yellow 
white colouring Most frequently the larvae attach m dense clusters 


‘ The gum mixture includes the following Ingredients 50 p dis- 
tilled water, 200 p chloral hydrate, 20 p pure glycerin 30 p dry 
gum N G Bregetova recommends the following proportions chloral 
hydrate — 160 gr gum— 24 gr distilled water— 40 ml glycerin — 16 ml 
A glass jar is filled with water, after which the gum is added, the 
whole being placed for several hours Into a thermostat with a tem 
perature of 50* to 60* C That being done, glycerin and chloral hv 
drate are added, leaving the mixture in the thermostat for twTj rnore 
days After complete dissolution of the gum, the mixture is strained 
through glass wool or thin cloth within the thermostat and then kept 
in dark A drop of the mixture *s applied on to a slide with the help 
of a preparing needle after which the arthropods (Comasu-cc ana 
Trombicuhnae) are inserted 





inside the auricle, from which they are collected with an eye scal- 
pel or sharp fiat tipped preparing needle The larvae are carefully 
removed from the atumal and placed into test tubes with 70“ alcohol 
Bits of the ear damaged by the larvae are also cut off and placed 
in alcohol 

The larvae are prepared for identification by placing them on 
their backs and abdomens jn a drop of Faure Berlese’s liquid under 
a cover glass, and maintaining the preparations for several days at 
a temperature of approximately 60“ C to render the specimen 
completely transparent 

Fleas (Aphaniptera) are collected from animals or theu- burrows 
and nests T^en inspecting animals contauied m bags, the examiner 
should first collect the fleas, for which he should carefully open the 
bag The fleas are extracted with soft, preferably brass tweezers, 
and placed into test tubes with 70“ alcohol Subsequent collection is 
effected vihile combing and examining the captured animals 

In the animals’ natural environments, the fleas are collected m 
dilTerent ways Migrant fleas should be collected at burrow entrances 
on glue paper tubes or wads of cotton wool (V R Tiflov, V 0 Pota 
pov, 1937) To ensure the extraction of all fleas from the entire length 
of the burrow, up to its first turning the authors recommend the use 
of a long handled ladle, with which the content of the burrow is 
scooped into a bowl The best results are obtained by use of a 
Shiranovich tube, which presents a narrow pipe shaped flannel bag 
4 to 5 cm wde and 100 to 150 cm long into which a rubber tube or 
flexible tod ts inserted By swift movements, the tube is submerged 
for several seconds into the oblique and vertical passage ways of the 
burrow, after which it is taken out and inspected on a sheet The 
tube should be put m three times Incited by the movements of the 
tube, the fleas start jumpuig and attach to the flannel The same 
means may be employed to extract other inhabitants of the burrow, 

I e , burrowing species of Ixodidoe and Gomosidae 

Within domiciles, fleas are collected by inspecting bed clothes, 
wiping floors with pieces of flannel, leaving glue paper or saucers 
wnth water and gram on furniture and elsewhere for the night In 
the latter case a dead mouse is left in the saucer together with the 
gram (1 G loff, O I Scalon. 1954) Fleas from rodent nests are 
collected by extracting them with a moist brush from bags filled 
with nest content, or by means of a thermoeclector 

Fleas may be identified alive (I G lofF, O 1 Scalon, 1954) or 
in transparent alcohol preparations Live fleas are put between two 
thin slides tn a drop of water under another slide or under a cover- 
glass Alcohol samples arc examined on a slide in a drop of 50“ 
alcohol and gljcerin also under a cover glass For convemence of 
examination and storage, microscopic preparations of fleas are made 



by placing th“m successively into the following liquids 7 per cent 
NaOH or KOH (24 hours), 50* alcohol (1 to 24 hours), 70* alcohol 
(the same), 95® alcohol (the same), pure alcohol (the same) clo\e oil 
(the same), after which the samples are immersed in Canadian or 
fir balsam, laying the insects on their right sides 
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TICK-BORNE RELAPSING FEVER 


Synonyms Tick borne recurrcns, tick borne spirochetO’ 
SIS, fi&vre rScurrente, ruckfall fieber, tifo rdcurrentc, Ucbrc 
r^currente, febris recurrcns, rUckfall typhus, garapata 
disease, kimputu, spirtlhum fever, famine fever, tick fe\cr, 
la fibvre ricurrente a tiques (dc VAfnqiie tropicale, d^ 
Madagascar, de I'Arabie m6ndionale, de S6n6gal, etc ), 
Persian relapsing fever, African relapsing fever, Iranian 
tick bite fever, tabe genb ghez 

GENERAL DEFINITION 

Tick home relapsing fever is -an endemic tropical or sub- 
tropical disease transmitted from animals to man, with 
obscure or non-existent prodromic phenomena The onset 
IS characterised by chills, temperature up to 38 or 40’ C, 
pains, especially m the legs and lumbar regions, and 
headache, occasionally followed by symptoms of imcute 
enterocolitis The temperature curve, on the whole, is 
non typical for tick borne relapsing fever, attacks of vari- 
ous duration following irregularly In the course of the 
disease, the temperature curve may resemble those of 
malaria, brucellosis and louse borne relapsing fever Num- 
ber of attacks — from 1 to 26 (average — from 8 to 1 0) The 
disease may continue from 1 to 2 months In patients 
subjected to p 5 Tetotherapy for progressive paralysis, the 
disease was observed to last up to 5, 6 or 7 months 

Generally, the issue is non lethal 

Tick-bome spirochetosis presents a zoonosis whose 
pathogen is easily transmitted by vectors to man, the infec* 
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tion thus becoming an anthropozoonosis. In the latter case, 
it may likewise be transmitted from diseased to healthy 
individuals, provided that the former infect hitherto unin- 
fected ticks of the genus Omithodorus papillipes inhabiting 
the same premises. 


DISTRIBUTION 

Europe: Portugal, Spain, Greece, Yugoslavia, North 
Caucasus, Transcaucasia. 

Asia: Iran, Iraq, Syria, Israel, Arabian Peninsula, India, 
Western China, Central Asian republics of the U.S.S.R., 
Kazakhstan. 

Africa: Mediterranean coast and the entire continent 
(south of the Sahara). 

North America: South-Western Canada, western states 
of the U.S.A. 

Central America: Mexico, Panama, Guatemala. 

South America: Colombia, Venezuela; In places. Northern 
Brazil. 


mSTORY OF RESEARCH 

The first to surmise that the tick-borne relapsing fever 
of tropical Africa might be transmitted by ticks, was 
David Livingstone, and yet, despite a number of cases 
revealing spirochetes in the blood described by several 
authors, it was only in 1905 that Dutton and Todd proved 
definitively that the pathogen of the disease is actually 
transmitted by the tick Ornithodorus moubata. The study 
of the disease in question is inseparably connected with 
investigations on its vectors, which were conducted by 
Nicolle et coll, in North Africa (Tunisia), Junkovsky in 
Iran, and N. I. Latyshev, 1. A. Moslwin, Y. N. Pavlovsky et 
coll., P. A. Petrishcheva and A. N. Skrinnik in the U.S.S.R. 



CAUSATIVE AGENT 


The causaUve agent is generally known to be a spiro 
chete, the species occumng m the U S S R being called 
Spirochaeta sogdianum, described under the name by 
Nicolle, Director of the Tunis Pasteur Institute, and Ander- 
son from a strain obtained m Shah Reez Abs N I Pikml, 
working with a strain from Ferghana, described the spiro 
chete under the denomination of Sp usbekistanicxi, but far 
less exhaustively than Nicolle 
The classification of spirochetes, m the broader sense 
of the term, has of late assumed the followmg form 
Order Spirochaeto/cs Buchanan, 1918 
Family I Spirochaetaceae Swellengrebel, 1907 
II Treponemataceae Robinson, 1918 
The latter family includes three genera 
I Borrcha (microorganisms easily stained with aniline 
dyes) 


ir Treponema (anaerobe) 
III Leptospira (aerobe) 


Stain with difficulty, ex- 
cept by the Romanowsk) 
Giemsa technique or silver 
impregnation 


The pathogens of tick borne relapsing fever belong to 
the genus Treponema Their specific classification is ex- 
tremely difficult, being founded on the specificity of the 
vectors, which are hce (B recurrentis, B berbera, and 
B carteri) and various species of ticks of the genus 
Ormthodorus The geographic criterion is important, as \sill 
be evident further In the latest Bcrgey Manual of Deter 
minative Bacteriology (7th ed, 1957), the key for the 
identification of Borrelia is based on the vectors and hosts 
(the name of the author being appended) 

Bird pathogens — Borreha 

Mammalian and human pathogens, transmitted by knovsn 
vectors (a) human lice — ^B rccurrcntis, (b) ticks of the 
genus Ormthodorus (1) O crraticus — B hispanica. Pyre 



nean Peninsula, (2) 0 hermsi — hermsii, western states 
of the USA, (3) O moubata — B duttonu, Africa, 

(4) O parfeen — B parfeeri, western states of the USA; 

(5) O rudis — B venezuelensis. Central and South America, 

(6) O tholozani — B persico, Iran, (7) O tuncata — B tun- 
catae, Mexico, (8) O xerrucosus — B caucasica, North 
Caucasus, Transcaucasia, (9) O papillipes — B sogdiana. 
Central Asia, (10) O tartafeovsfeyi — B latychevi. Central 
Asia, (11) O marrocanus — Morocco, Tunis, (12) 0 nor- 
mmdi — B normandi, North Africa 

However, various strains of spirochetes (or Borre- 
hos) obtained from different points in the southern 
USSR have certain features both of similarity and dis 
tinction 

The strains are smular in that they are pathogenic both 
for man and guinea pigs, although the “Gissar” strain is 
far more virulent to the latter Morphologically, the strains 
are indiscernible 

Serologically, in the Rieckenberg«Brusm test, they prove 
homologous With low-titre sera, certam distinctions are 
apparent, serologic affinity being revealed between the 
strain from Tbilisi and that from North Caucasus, the 
strain found near Dushanbeh standing further and the 
strain from Gissar further still At higher titres these 
distinctions disappear 

In cross-infection tests the said four strains prove hetero- 
geneous Usually, immunity develops only in regard to a 
homologous strain, but there are some exceptions, however 
few. All four strains belong to the same group 

Although cross immunity tests reveal only individual, 
but not specific or varietal distinctions, there are, nev- 
ertheless, certam immunological distinctions appar- 
ent between the various strains of spirochetes, which 
may prove of practical epidemiological importance for 
man 

An exact definition should be agreed upon for heterol- 
ogous and homologous spirochete strains. An individually 
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isolated strain from a vertebrate host or tick vector and 
Its subsequent generations obtained by passages through 
a laboratory animal of the same species, may be regarded 
as homologous Heterologous strains are those isolated 
from animals not only of different geographic origin (in 
eluding different settlements m the same region), but also 
from animals of different biotopes occurring m the same 
locality, e g , the burrows of porcupines, rats and gerbJs, 
cattlesheds, etc 

On the basis of experiments described m literature, the 
followmg general statement may be formulated Spuochete 
strains obtained from the same geographic point (locality), 
as a rule, do not cross immumse, thus depriving the cross- 
immunity test of the significance ascribed to it in the 
specific identification of spirochetes (Y N Pavlovsky and 
A Y Alimov, L P DeJpy and A Rafyi) Apparently, 
bacteriologists should evolve other more effective indices 
in order to classify Borreha and develop a reliable tech- 
nique for cultivating these microbes 

The problem of tick-bome relapsing fever requires 
further research To ensure effective accumulation of more 
accurate comparative data, a unified methodology should 
be mamtained m the collection and storage of ticks of the 
genus Omithodorus, in order to preserve the specimens m 
VIVO with a view to (a) elucidating the possibility of the.r 
spontaneous infection with the causative agents of tick- 
bome relapsing fever, (b) stagmg experiments on the stage* 
to-stage and transovanal transmission of these pathogens 
m ticks, and on the length of mamtenance of the pathogen 
m tick organisms Substantial proof is available showing 
that Ormfhodorus papillipes are capable of surviving long 
periods of starvation (up to 14 years) and maintaining 
spirochetes during these periods (Y N* rav!o\sky and 
A N Skrinnik) (For collection and maintenance of live 
Omithodorus ticks, see further) 
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ORNITHODORUS TICKS— VECTORS OF SPIROCHETES 
IN raC USSJI 

Acarma of the genera Omithodorus and Argos belong 
to the family Argasidae These arthropods as well as the 
pasture ticks of the family Jxodidae are referred to the 
superfamily Ixodoidea 

For specific identification, the arthropods are examined 
from above and below through a binocular microscope 
under directly falling light In case the tick is alive, it 
should be placed into a small Petri dish approximately 
5 cm m diameter, covered at the top with a piece of a 
slide to prevent the arthropod’s escape If the tick happened 
to be in alcohol, it is previously dried on both sides with 
filter paper The dry tick should be handled with care, so 
as not to break oflf its legs The tick must also be exammed 
from the sides, for which purpose it is inserted m a groove 
made in a cork stopper, or otherwise, a layer of plasticine 
IS applied to the slide, a depression of the required size 
being made in the middle With some experience, in field 
conditions, preliminary identification of male and female 
ticks and large nymphs may be done with the naked eye 
During spieciflc identification, the following external 
features are noted structure of chitmous cuticle, body 
outline, arrangement of discs to whose inside the dorso- 
ventral vertical muscles are attached * From the ventral 
side, the combination of mouth parts, or capitulum, are 
exammed The latter is surrounded with isolated, partly 
mobile cheeks, which may be solid or digitate The pres- 
ence of the cheeks is correlatively associated with postan- 
ally located crosswise grooves or ndges of the chitmous 
cuticle — the anomargmal and transverse postanal ndges, 
which together form a figure of the cross Ticks without 
cheeks are likewise deprived of these markings The genital 


> The discs ire well visible on a live tick appearing as trans 
parent discs when the tick is examined m strong transient light the 
rest of the chitmous cuticle looking black 
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Fig 12 Tarsi of Omifhodorus (Y N Pavlovsky) 

First pair l-^ papillfpes 2—0 vcrruecsvs 3— the same male 4—0 

5 — O nereensa teniite 6—0 tanako\skit fccnate O fccobsonL ro/rtil t».r 

6 — O papHIpM 0 — O verrucosus female ll^-the same ma e Jl— O ncrceruJ 

12—0 rarroAovsi^f 13—0 facoMoni 
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orifice m the female lies between two transverse senuovate 
shields, one of which in the male is ov^l 
An important specific sign as the shape of the supenor 
margin of the tarsi m the first and fourth pair of legs, 
which for better microscopic examination should be sep 
arated from the body (Fig 12) 

As evident from the appended table, the combination of 
the mentioned features permits identification of the prmci 
pal species of Omithodorus included m the fauna of the 
USSR (the Caucasus, North Caucasus, Central Asia) 

Classification of Omithodorus Ticks 
of the Fauna of the USSR. 

A number of authors consider the widespread species 
O papilhpes Birula to be synonymous with O tholozani 
described from Iran Yet, judging by its pictures, the latter 
has been described inaccurately, some of its features being 
confused with O lahorensis For this reason, we do not 
employ the term 0 tholozam 
M V Shtrom, on the basis of Warburton’s extremely 
sketchy information on 0 osperus, which he described from 
a single specimen obtained m Mesopotamia, identifies this 
species with 0 verrucosus from North Caucasus described 
by N O Olenev, D N Zasukhm and G K Fenyuk (1934) 
The former assumption, however, is erroneous Both species 
have their separate identity, of which we were personally 
convinced on examining O osperus in the Berlin Zoological 
Museum It is equally wrong to unite O lahorensis and 
O canestnnu into one species, since these are easily distin 
guished by the structure of the dorsal chitinous covering, 
which in O lohorensis is stellate and m O canestnnu 
roughly ridged The same author unnecessarily rebuilds 
and complicates the generic and specific nomenclature of 
Omithodorus ticks, splitting the genus into a whole series 
of independent genera It should be added, also, that 
O crossi, described from India, is a synonym of O papilh 
pcs, which wis confirmed by G Nuttall 
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Collection of Omithodonis Ticks 

The operation requires the following equipment 

(1) shovel, tablespoon, broad, strong knife, 

(2) white coloured cuvette and piece of white oilcloth 
0 5 sq min size, 

(3) Sieve 25 to 30 cm in dia , with a mesh not less than 
2 mm m size, the sieve may be replaced by a screen com 
prising an oblong wooden frame w ith a side from 5 to 7 cm 
high and an area of 25x40 cm covered with a wire net of 
at least 2 mm mesh size, 

(4) tweezers with thin ends (not surgical), medium size 
paint brushes, 

(5) set of flat bottomed test lubes 1 5x7 to 8 cm, or 
chemical test tubes, containing strips of filter paper bent 
treble, lengthwise, each tesMube should be tightly closed 
by a twisted (preferably, gauze-covered) cotton wool plug 
the test tubes are placed into oval shaped tins of suitable 
size in such a manner as not to break during mo\ement or 
work, long test tubes are placed into a cartridge belt for 
12 15 tubes made of a double layer of cloth, which is folded 
and tied with cord Well 'cd for the purpose are flat 
bottomed test tubes for faeces samples with the plug and 
attached spoon replaced by a cotton wool stopper, 

(6) field log book for keeping records, label tags of 
thick white paper, soft black pencil, 

(7) bag for all articles except the sieve, extremelj desir 
able IS a photographic camera for taking pictures of the 
terrain and biotopes of Omithodorus ticks, 

(8) wick lantern or electric torch for work m dark lairs 
and premises 


CoQecUon Techniques 

Investigations m buildings In non domestic structures 
such as cattlesheds, a frequent feature are cobwebs sus 
pended from the beams and ceiling These may reveal tick 
cuticles discarded dunng moults which are shaped as elon 
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Fig 13 Entrance to grottoes m steep river bank used as winter 
shelter for cattle Sifting of grotto content yielded abundance of 
ticks Ormthodorus Mangyshlak 


gate, trough like whitish leaves 3 to 5 mm long Such cuti 
cles are to be found m abundance (our own observations 
m Khorossan northern Iran) The cobwebs should be re 
moved and placed into test tubes In highly infested pre 
mises, the ticks may be found sitting directly on the walls 
(as observed m the same locality) 

Most frequently, the ticks may be observed m depres 
sions at the foot of walls, in rodent burrows and wall fis 
sures which are widened with a knife as well as m the 
intervals between stones in the walls, under layers of 
earthen stuccowork which are broken off piece by piece 
The content of fissures and depressions is scooped out with 
a shovel or spoon and put into a sieve, the same being done 
with the refuse at the foot of the walls The sieve is care 




fully carried out into the light, where it is shaken over an 
oilcloth which should be spread out on the ground. The finer 
particles penetrating through the sieve are thoroughly 
examined, extracting everything observed to move by 
scooping up the ground with the edge of a test-tube (or 
paint-brush), since the object may prove to be a larva or 
first nymphal stage of Ornithodorus. After sifting, the 
remaining substratum is inspected for ticks, which for a 
time may remain motionless. The ticks are taken up with 
tweezers and put into a test-tube with a certain amount of 
fine substratum. 

All ticks collected from a single room are kept together 
in a separate test-tube; the same applies to larger ticks 
extracted from pieces of stucco broken off from the walls 
The respective notes are made in the log-book and on labels 
which are forthwith inserted in the test-tubes. If dead and 
dry ticks should occur, they are also collected in a separate 
test-tube, care being taken not to break off the legs. 



Fig 15 Burrow of 
Spemiophifopsts lepto 
dactylus m sand dunes 
near Ashkhabad in 
winter Foreground- 
soil excavated from 
burrow containiog 
Omithodorus tartc 
kovskyi 



A chart of all premises on the grounds is drawn up, 
including the domicile and services, marking with crosses 
the places where ticks were revealed 
Collection m natural biotopes The content of early 
spring burrows and holes made under stones, is scooped 
out with a shovel or spoon and strained through a sieve as 
described above In large caves ticks are caught by attract- 
ing them with one’s own body. The collector lies down 
on a white sheet spread on the ground in such a position 
as to leave enough of the sheet free all around his body 
After a while, another worker with a lantern inspects the 
edges of the sheet, which often reveal Omithodorus ticks 
lured by the scent of the human body. The ticks are collect- 
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Fig 16 Entrance to porcupine burrow infested b> Ornithodoms pa 
piUipes Discarded spines seen in foreground Burrow may ser\'e as na 
tural focus of tick borne relapsing fevtr South Eastern Cmtral As a. 


ed by means of tweezers In winter, O lahorensts may be 
discovered on camels goats and sheep which serve them 
as warm shelters for hibernation m the South 
It IS desirable likewise to photograph all biotopes of 
Ornifhodoms Some familiar object should be placed at the 
entrance to a burrow or lair to offer an idea of their 
size It IS also desirable to photograph the general vieu 
of the terrain settlement and domicile Each collection 
should be provided with a label written in soft pencil on 
a piece of thick paper, e g 

Kulab wall of catUeshed 
20 5 1950 A Petrov 
Near Kara Kala (Turkmenia) 
porcup ne burro%v among 
hillocks 157 1952 N I Iva 
nov 


Near Shakhrood vilJag'* of 
KeJyata stone pen on 
wasteland between stones 
107 1 943 Aleksejev 
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Biology of Vector Ticks 

The completest data are available on the biology of 
0 papilhpes 

Egg-laying occurs towards the end of summer and the 
beginning of autumn, which is also observed in ticks main- 
tained in laboratories far from their range of distribution 
The egg hatches into a six legged larva feeding on the blood 
of small animals Moultmg results m the emergence of 
nymph I, which after suction moults into nymph II, the 
latter m the same manner transforming into stage III 
Nymphs III, in their turn, moult into the fourth nymphal 
stage, males as well as females, if the family is sufficiently 
large On repletion, nymphs IV moult into nymphs 
V, females and males, and, finally, nymphs V likewise 
moult into males and females A distinctive feature of 
the process are the three successive batches of males 
and females appearing in the life span of a numerous 
family. 

The same pattern is observed m the biology of other 
species of Ornithodorus In nature, ticks feed on the blood 
of mammals, birds, turtles, sand dragons lizards, toads, 
and, on occasion, man The total length of metamorphosis 
depends upon frequency of blood meals and resistance to 
starvation Cases were observed when nymphs and ma 
ture specimens of O papiiUpes starved for from 10 to 11 
years Extremely hardy in this and other respects in the 
embryonic stage is O lahorcnsts, and to a progressively 
diminishing degree — O verrucosus, 0 tartakovskyi, O ne 
rccnsis 

The following are the approximate terms of metamorpho 
sis forO papi//ipes maintained in the laboratory The female 
lays up to 60 eggs, which, under equal conditions, do not 
all produce larvae At temperatures from 15^ to IS^C the 
larvae hatch from the eggs in 11 to 30 days, and at room 
temperature can starve up to 15 months Blood meals con 
tmue from 8 to 60 minutes At 26'’C, and a definite level 
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of humidity, the larvae have a life span of 15 to 30 da>s. 
the first nymphal stage from 17 to 28, the second from 20 
to 31, the third from 24 to 25, and the fourth from 43 
to 120 days and more Ticks of both sexes have survived 
in laboratory conditions for 6, 7, 8, 9 and 12 years, not 
counting the part of their life prior to collection It is 
highly probable that the entire life cycle of O papdhpcs 
may last up to 14 or 15 years, or perhaps even longer 
(A N Skrinnik) 

Famine resistance in different metacyclic stages is Illus- 
trated by the following findings of our laboratory Nymphs 
I starved 18 months, nymphs 11 — 2 years and 5 months, 
nymphs III — 3 years and 5 months, and nymphs of undefined 
stages — 6 years and 3 months (A N Skrmnik) Appar- 
ently, the life cycle of O verrucosus is similar to that 
of O papiffipcs, but as yet has been traced only to the males 
and females derived from nymphs III and to nymphs IV 
According to observations by A N Skrmnik on 0 torfa 
feovsfeyi from the Mangyshlak Peninsula, males and females 
may appear after the moulting of nymphs II We, person* 
ally, have likewise encountered extremely small females 
in burrows near Naarli (Turkmenia) 

The biology of the O lahorensis group, apparently, 
differs from the above described 


Ecology of Vectors 

Temperature drops render the licks semi* or completely 
immobile The ticks endure decreases of temperature to 
— 15°C, and, although slowly, will suck blood at +5 C, 
being capable of infecting guinea pigs at this temperature 
(1' iV aiTcf A N Sknnmk) io 

N I Latyshev and A P Kryukova, burrow ticks (O torfa* 
kovskyi) inhabiting the burrows of susliks and gerbils, find 
optimum conditions for existence m August October, when 
the burrow temperature is +24 to +26“ C and relative 
humidity from 75 to 90 per cent, while outside the burrow 
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the respective indices vary from +15 to +42° and 1 to 72 
per cent In cattlesheds, at different heights from the floor, 
there are zones whose temperature approaches that of the 
natural biotopes of O papiUtpes, which serves to explain 
the infestment of such premises, all the more so that the 
required hosts are present as well 
O papiHipes was often found alive in winter under layers 
of earthen stucco Apparently, they may survive for consid- 
erable periods with a lack of air, which has been proved 
indirect experiments (E Sosnina) 

Special experiments staged by the author and I K Terav- 
sky (1956) in glass chambers with two exhaust pipes, 
gave the following results m regard to the maintenance of 
O papiflipes (males and females) without air and m various 
gas media 


ZxpcrifflcnUl conditions 

Earliest evidence ct toxic cUccts of 
gas or lowered Ambient pressure 

Period in 

Minimum 

Maximum 

perished 

(days) 

Vacuum res press 8 
mm m c 

^0 to 48 tirs 

7 dnj-s 

: 4 to 17 

Hjdrogcii 

30 lo 40 hre 

3 days 

4 to 5 

MlrogcJi 

7 lo 10 days 

10 to 20 days 

20 to 25 

CO, 

3 lo 4 hts 1 

2 to 3 days 

4 lo 10 

HjS 

8 to 10 mm 

12 to 15 min 

1 to 2 


O papilUpes are adapted to darkness, but may also be 
present m dry refuse or earthen floors with lighting vary- 
ing from 10 to 70 lux At catticshed doors the lighting may 
reach 1000 lux, and m the sun — over 20,000 (Neuymm) 
However, adaptation to dark biotopes does not prevent the 
ticks from crawling out to better lighted places and attack- 
ing man at any hour of day or night 


153 





storage of Collected Ticks 


Ticks are collected for two purposes (1) establishment 
of the presence of ticks g Omithodorus on the site of 
work, specific identification and faumstic collections, (2) 
preservation of ticks in vivo for (a) study of biologj, (b) 
testing for spontaneous infection with the pathogen of tick 
borne relapsing fever, (c) experiments (particularly, on 
stage to stage and transovanal transmission of the patho- 
gens of tick borne spirochetoses and nckettsioses), (d) es 
tablishment of a vivarium for longterm observations on 
Omithodorus, as well as maintenance of pathogen strains 
of tick borne spirochetoses for experimental, and, possible, 
pyretotherapeutic needs 

In the first case, the material used are dead (dry) ticks 
with more or less intact bodies or else live ticks fixed with 
70® alcohol (or 4 per cent formalin, which is worse) The 
material supplied with the respective labels is kept m 50, 
300, and 150 ml jars with tight fitting stoppers Minute 
objects, such as larvae and nymphs, are stored in small 
test tubes filled with alcohol, each stage separalel), with 
the necessary labels applied, all m a common tin container, 
separating the test tubes with hygroscopic cotton wool The 
chitinous cuticles discarded after every moult are preserved 
in the same tin 

To preserve live ticks in a vivanura, collected specimens 
from each test tube are transferred without the substratum 
to 50 ml Erlenmeyer flasks, inserting a filter paper disc on 
the bottom and a corrugated stnp of the same paper on top 
The flask is plugged with a gauze covered cotton woo! 
stopper A clearly written label is placed into the flask with 
the inscription facing the glass, and a tag glued outside wUh 
the number of the given collection The flasks are placed 
mto wooden trays 40x40 cm in size with sides 6 cm high- 
Vertical grooves are made on the inside of the walls to 
insert strips of plywood for partitioning the rows of flasks 
On the face side, the walls are inscribed wiUi the geo 



graphic point of collection or species of the ticks, depending 
on the purpose of the collection. The trays with the flasks 
are kept in a dark cabinet. When kept indoors in the south- 
ern summer, the ticks may be killed by the excessive 
dryness of the ambient air. To prevent this, the flasks 
should be moistened periodically by applying 2 or 3 drops 
of water from a pipette to the filter-paper inserted in the 
flask, taking care not to overmoisten it. Sometimes, it may 
prove necessary to keep the collection on cold premises. 
In northern regions, it will suffice to keep the ticks at 
summer room temperature, maintaining, likewise, a con- 
stant level of humidity. For experimental purposes, ticks 
should be kept in a thermostat with a permanent tempera- 
ture of 25°C or more. 




Fig 19 Storage of live Omiihodorus ticks. Trays with flasks 
to be inserted in cabinet. 

Ticks to be maintained alive are fed once or twice daily 
on guinea pigs or other laboratory animals. 

The content of the flasks should be regularly inspected. 
Bead ticks and discarded cuticles should be removed to 
small test-tubes stopped with cotton wool, placing them in 
the same flask and recording the time. 

Altogether, three journals should be kept, the form of 
which is described hereunder. 

1. Catalogues of tick lots with reference to habitats of 
collection, containing regular entries on operations carried 
out with the respective lot in regard to feeding for natural 
infection tests (with reference to the given lot’s register 
number in the special feeding journal described further). 
The tick catalogue should be kept with the utmost care 
and regularity, a separate page being allotted to each 
flask. This page should contain the initial number of ticks, 
dates of death, moistening and feeding with reference to 
the number in the blood meal and infection test journal; 
moulting, oviposition and occurrence of signs of copulation 
(discarded spermatophores). 


In the laboratory, different species of ticks survive for 
different periods Hardiness in diverse species may vary 
The American O hermsi reproduces freely O lahorensis 
readily lays eggs which hatch into larvae O papiHipes 
and O verrucosus are hardy enough, O tartafeovsfeyi more 
exacting, the metamorphosis of the Iranian O canestrmu 
is extremely distended O ncrecnsts also requires more 
care 

In the course of time, the filter-paper is stained with 
dry faeces, and must be replaced, being subjected to careful 
examination All inspections of flask content should be 
made m a white photographic cuvette, putting back all 
ticks which happen to fall or crawl out When extracting 
the flask stopper, the worker should check whether the 
ticks have not gathered directly under it, the flask should 
be shaken and the stopper removed with due care, so as not 
to crush the ticks 

2 Journal for registering blood meals, noting the lot 
number, with reference to the numbers of experimental 
guinea pigs registered in the third journal 

3 Journal with register numbers of guinea pigs used in 
feeding ticks for different purposes, with note of the lot 
number 

For convenience of use, all three journals should be fur- 
nished with complete cross reference so that general obser- 
vation and experimental data may be looked up when 
applying to any of the journals 


Feeding of Omithodorus Ticks 

As a rule Omithodorus ticks feed quickly The length of 
a blood meal may vary from tens of minutes to several 
hours depending on time of starvation, period elapsed after 
moulting, stage and phase of metamorphosis, rate of diges- 
tion of earlier obtained blood, which in turn depends on 
temperature Due to the brevity of the process, ticks are 
fed on animals under direct observation If the blood meal 



15 purposed to check spontaneous or experimental infection, 
It IS conducted on a reactive laboratory animal, depend' 
mg on the expected kind of pathogen of tick borne spiro- 
chetosis 

Extensive expenmental evidence shows that O papillipes 
and 0 verrucosus should be fed on guinea pigs and 0 far 
takovshyi on white mice 

Feeding procedure The guinea pig is tied by its legs to 
a wooden board with four nails m the corners, which is 
then placed into an enamel trough 30x40 cm m size The 
fur on the guinea pig's abdomen is sheared close and 
a wide test-tube or open cylinder 4 cm m dia and 5 cm 
high containing ticks is applied to the abdomen The cylm 
der or test tube is held with the left hand, putting the ticks 
inside with the right AH ticks should be allowed to attach 
those refusing to do so being put back with tweezers into 
the flask When all ticks attach, the test-tube or cylinder 
js removed, care being taken, however, that the guinea 
pig should not throw off the ticks until the blood meal is 
finished At the end of the meal the guinea pig is untied 
and replaced into its cage 

When feeding larvae or small nymphs on white mice, the 
mouse may be put into a wire cage small enough to prevent 
movement The cage is put into a large cylinder into which 
hungry larvae are released, the cylinder being covered at 
the top with dense wire netting On falling off, replete ticks 
are picked up on a soft paint brush and put into a flask 
for moulting 

Tests for spirochetal infection On the fourth day pending 
a blood meal, blood is taken from the guinea pig’s ear b> 
means of Francke’s needle, etc Three thick films arc pre 
pared of the extracted blood on two slides inscribed with 
the respective number in order In summer, the preparation 
should be dried under a glass bell to keep off flies The 
films are stained with the Giemsa-Romanowsky solution 
(1 or 2 drops of the dye at a temperature not lower than 

16 to ITC, to 1 ml of distillate or ram water) The slide 
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with the film is treated the same as in tests for malaria. 
The procedure takes 30 to 40 minutes, after which the 
slides are washed in water, air-dried and immersion-exam- 
ined under a microscope. Dark-field microscopy of fresh 
blood may be employed as well Since spirochetes in the 
thick film test do not appear in great numbers, and do not 
occur at each view, the preparation should be examined 
with redoubled caution. 

If thick film microscopy does not reveal spirochetes, this 
alone does not signify their absence in the guinea pig’s 
blood. If daily blood tests during 15 or 20 days do not 
isolate spirochetes, blood taken from the guinea pig under 
test is introduced into the eye-lid or nasal cavity of another. 
The latter is similarly subjected to the thick film test, 
which IS repeated for 4 to 20 days. If spirochetes are still 
non-apparent, the guinea pig may be considered uninfected 
In high-precision tests, a second series of tests with blood 
from the latter-mentioned guinea pig is required. 

The following is an example of the entries to be made in 
a tick feeding journal. 

EXTRACT FROM TICK FEEDING JOURNAL 
Tajikistan, 1951 


Varzob district, kishtak (village) of Gazhm Cattleshed, Aug 23, 
1951 B Skvortsov 48 ticks 

Checked Oct 26, 1951. 35 ticks alive, remainder dead 
Oct. 30, 1951. Fed on healthy guinea pig No 69 — 1951 to test 
natural infection — 32 ticks sucked blood 

2 M, 2 r, 28 N, 3 nymphs did not attach Guinea pig infected 
June 2, 1953. Fed on guinea pig No 64 — 1952 (used m earlier 
experiments, but not diseased) 30 ticks sucked blood 5 M, 3 F, 
remaining 5 ticks died Guinea pig m/cctcd 

5-rfiy ^"5, TVdS’A Vo twAam tiggs 

Oct, 26, 1953 Larvae extracted 

May 25, 1955 27 ticks alive, 3 dead Number of discarded cuticles 
21. Fed on guinea pig No. 35—1954 (previously used 4 times to feed 
uninfected ticks) All 27 ticks sucked blood including 12 M, 6 F and 
9 N. Guinea pig infected 
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Jan 15, 1957 20 ticks alive, 7 dead Nuoiber of discarded cuticle's 
9 Fed on guinea pig No 23—1956 (earlier used 7 Umes for feeding 
non infected ticks) AH twenty sucked blood, including 10 M and 10 F 
No\ 25 1957 Flask contains many Iive larvae Guinea pig in 
fected 

Feb 28, 1959 7 ticks aJjye, 13 dead Fe^ on guinea pig No 93— 
1958 (previously used ten times for feeding ticks) 2 M and 5 F 
Guinea pig's blood tested daily from 5th to 17th of March 
Spirochetes not revealed 


EATJJACr FKOVf EXP£Ri\fENTAt GUINEA PICS JOURNAL 
Guinea pig No 24 — 1958 

Feb 19, 1958 Used m natural infection test to feed O nercensu 
6T, 1958, Turkmenia found in burrow under stone, OcL 23, 195S 
173 ticks applied, 142 sucked blood 

Blood tests Nov 25, Nov 26 Nov 27, Nov 28. Nov 29 Dec. 1. 
Dec. 2, Dec 3, Dec. 4 Dec 7, Dec 8 
Spirochetes absent on all occasions 

Dec 30 Used to teed O papillipcs lot 70. lound in Kirghizia Osh 
under a nail ot a house, Dec 10 1949 25 ticks applied, all sucked 
In 1949 these ticks had infected a guinea Pig. 4 subsequent blood 
meals produced negative results 

Blood tests Jan 5, Jan 7, Jan 10, Jan 12, Jan 14 
Spirochetes absent on all dates 

March 11, 1959 Used to feed O popilhpes, 81>-1945 13 ticks 
applied, all sucked Bred in laboratory frorn Iranian ticks (33— Iran) 
infected with ‘ Kara Kalpakia” spirochete strain 

Blood tests March 16. March 17. March 18. March 19, March 20 
March 21, March 24 

Spiro^etes present on all occasions 
March 24, 1959 Guinea pig died 

NEUROTROPfCnr OF SPIROCHETES 

A charactenstic feature of the spirochetes of tick*bome 
relapsing fever is their neurotropicity, eventually, they con 
centrate in the brain, as observed in guinea pigs The sai 
process may be associated with theif disappearance fro 

the peripheral blood Therefore, when looking for spiroc 

carriers among animals, apart from t(?stjng their . 

apparent or latent spirochetosis, it is necessary to g 


IffO 



the cerebral substance and inject the suspension into a 
guinea pig’s abdominal cavity with subsequent thick film 
staining tests The presence of spirochetes in the brain 
along with their absence in peripheral blood, should be 
regarded as the termination of carriership Notwithstand 
mg, the animal under test should be set down as a zoologi 
cal species m the list of reservoirs of tick borne spirocheto 
sis, since the spirochetes attain the cerebrum from the 
peripheral blood 

INFECTION OF MAN AND GUINEA PIGS 
BY SPIROCHETE CARRYING VECTOR TICKS 

Man may contract tick borne relapsing fever after his 
blood has been sucked by two infected females (as in pyre 
totherapy) or two nymphs (I or 11) (author s observation 
on himselO Experiments on guinea pigs confirmed that 
transmission may be effected during the first 1 5 minutes 
of suction by one tick 

Experimental series have demonstrated that a vector, 
though known to be infected, does not invariably infect a 
guinea pig while sucking its blood Thus, a male tick fed 
successively on 5 guinea pigs (transferred from pig to pig 
with interruption of blood meals), infected only the second 
guinea pig in the series, not affecting the first, third and 
fourth, and not attaching to the fifth In another instance 
a nymph did not infect the first and third guinea pigs, but 
did infect the second Neither is one and the same infected 
tick apt to inflict regular infection every successive year 
Thus, an infected nymph caught in Ferghana in 1928, in 
fected a guinea pig in 1935, but failed to do so in 1937, m 
the same year it moulted into a male which succeeded m 
infecting a guinea pig Another example nymphs of 
O papdlipes infected on October 9 1935, transmitted the 
disease to guinea pigs in the course of metamorphosis in 
November and December of 1935 and January 1936 In 
March 1936, when in the fourth nymphal stage they failed 
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to cause any marked spirochetosis, while 7 and 15 months 
later they did 

The above quoted examples present merely the external 
aspects of the phenomena, analysis of the causative factors 
being the task of the future Nonetheless, it is already 
clear, that the possibility of latent spirochetosis develop 
mg after re inoculation of blood from unafflicted to 
healthy guinea pigs, should be ruled out 


■ntANSOVARIAL TRASSMJSSIOS 

It is a long established fact, that m O moubata the 
progeny of an infected female are able for several genera- 
tions to transmit spirochetes to laboratory animals The 
explanation is that during the pathogen’s circulation m the 
vector organism, the developing egg is infected through the 
walls of the ovary, while during the embryonic period, the 
salivary glands of the larva are likewise inseminated ^^lth 
pathogens This process was similarly observed in O papil 
Upcs (Y N Pavlovsky and A N Skrmnik) Only part of the 
infected females produce infected progeny, and not all the 
larvae hatched are able to transmit the disease However, 
with the progress of metamorphosis, the incidence of irans 
mission somewhat increases Transovanal transmission of 
spirochetes in O verrucosus was reported by S Kandelaki 

With 0 papihipcs, each blood meal on man continues 
for 30 to 40 minutes A noteworthy point is the minimum 
suction time necessary for the transmission of spirochetes 
to the recipient Experiments with ticks given interrupted 
blood meals on four guinea pigs, demonstrated that infcc 
tion may take place already m the first 1 5 minutes after 
attachment This period, however, may vary for different 
metacyclic stages, or owing to diverse circumstances 
Moreover, an O paptUipes known to be infected, does not 
transmit the pathogen invariably Thus, a male fed on 5 
guinea pigs did not infect the first (m a 30 sec blood meal) 
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infected the second (one tmn) failed to infect the next 
two (2 and 7 mm) and <3id not attach to the fifth Appar- 
ently, such variations depend on the state of the organism 
of the animal being infected These circumstances should 
be borne in mind m assaying experimental results 

NATURAL FOCI OF TICK BORNE RELAPSING FEVER 

Tick borne relapsing fever was first described as a 
disease of man in tropical Africa In the described cases, 
ticks were found not only in the native dwellings, but even 
m the road dust The discovery of the disease in other 
countries (Iran, etc) was likewise associated with human 
dwellings, but analysis of published works also testified to 
the incidence of ticks of this genus in rodent burrows 
(C Nicolle et coll , Tunis) Similar observations were made 
in Turkmenia (Y Vlasov, P Petnshcheva, Y N Pavlovsky) 
and other republics of Central Asia, USSR 
Ticks were discovered m the burrows of different am 
mals, in caves, grottoes and abandoned buildings Natural 
infection tests were often positive The species known as 
hosts for these ticks being numerous, wild animals were m 
many cases tested for incidence of pathogens and sensi- 
tivity to experimental infection 
Nicolle (Tunis), when inspecting rodent burrows, revealed 
the presence of Ornithodorus ticks spontaneously infect- 
ed with spirochetes of tick borne relapsing fever The range 
of the animal hosts of O popiffipes is extremely wide, m 
other tick species, especially those inhabiting burrows, it is 
more limited Ticks of this genus may be the components 
of biocenoses m different biotopes In view of that, investi- 
gations of natural foci of the disease m question should 
ixi/JjidA •yjAola.oA.QJis, dAvyi'Jaed. 

dure) both of the ticks obtained in nature and of wild 
animals The latter should involve blood tests for pathogen 
incidence, but owing to the possibility of latent incidence, 
they should be augmented by injections of cerebral and 

If 
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splenic suspensions into guinea pigs with subsequent inves- 
tigation of the latter’s blood. 

With the help of the said procedures the following 
reservoir species were revealed: bats Rhinoiophus ferrum- 
equmum (Takhta-bazar, Turkmenia, N. I. Latyshev and 
T. Pozivay, 1936) and Pipistrellus piptstrellus bactrianus 
(near Dushanbeh, M. N. Keshishyan, 1936); rodents: large 
gerbil Rhombomys opfmus (Takhta-bazar, Serakh district, 
Turkmenia, N. I. Latyshev, T. Pozivay, 1936, spirochetes 
pathogenic to man), gerboa Ahctoga clater (near Baku, 
P. P. Popov, L Akhundov, 1941); Turkestan rat Raltus 
turkestcaxicus (cave near Dushanbeh, N. I. Latyshev, 1936; 
M. N. Keshishyan, 1935; Khorog, Western Pamir, 
G. Y. Zmeyev, 1940); domestic mouse Miis miisciilus 
severtzovi (Chirchikstroy near Tashkent, M. S. Sofiev, 
D. Okhnmenko, 1936); vole Aficrotus sociahs (near Baku, 
P. P. Popov, I. Akhundov, 1940); Carnivora: Cams fonulia* 
ns (Old Bukhara, L. M. Isayev). It is very likely that the 
spirochetes of tick-borne relapsing fever thus revealed may 
be systematically non-identical. 
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Fig 20 Old cemelery Burrows at foot of walls 

thodorus papslhpcs, Irdzbeb-kala, Kara*Kalpalua 




Fig 21 Excavation of rodent burrows jn Tigrovaya ravine Southern 
Tajikistan 


It IS likewise necessary to determine the susceptibility of 
different species to tick borne relapsing fever by employing 
them to feed spontaneously infected vector ticks (0 papil 
lipes) The author successfully infected a hedgehog (Parc 
chinus hypomeles) from Kara-Kala (Turkmenia) by feeding 
ticks obtained from a cave near Dushanbeh G V Serdyuko 
va managed to infect a jackal (Cams aureus) through ticks 
The susceptibility of animals to infection was determined 
likewise by inoculating them with infected blood from 
animals of another species Apart from the species 
mentioned earlier, the following also proved susceptible 
short tailed bandicoot rat Nesokta (strain ' Western Pamir’ , 
y N Pavlovsky and I K Teravsky), grey hamster Cncc- 
tulus migratorius (the same), lemming Lagurus lagurus 
(strain ‘ Tbilisi Y N Pavlovsky and P P Perfiiyev) fat 
dormouse Ghs ghs (strain "Saganlug’ , S P Kandelaki) 
red tailed gerbil Menones erythrourus (strain “Kirghizia , 
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Y. N. Pavlovsky and A. Y. Alymov, strains “Kerghez”, 
Azerbaijan, P. P. Popov, I. Akhundov), etc. 

Among the vectors of tick-bome relapsing fever singled 
out in our wild fauna, three species — O. verrucosus, 
O. nereensis (with a closely related species from jerboa 
burrows in Armenia), and O. fortofeovsfeyi— inhabit exclu- 
sively in nature, their presence in human dwellings and 
economic biotopes as yet being unrevealed. The basic 
vector species (as regards epidemiological importance) — 
O. papilUpes, inhabits both natural and economic biotopes 
either in the complete absence or direct vicinity of man. As 
in other species of Omithodorus, its range includes Central 
Asia, the arthropod presenting a natural (non-introduced) 
member of the local fauna. Hence, basically, none of the 
tick species serving as vectors for tick-bome relapsing 
fever, owe their existence to the presence of man. 



Fig 22 Desert terrain with gerbil burrows ser\nng as natural 
foci of Pendinski ulcer. 



In natural biotopes unaffected by man, vector ticks were 
often found carrying spirochetes virulent for humans 
Obviously such ticks could in no way receive the pathogens 
from diseased people 

The cited cases of spirochete incidence in a number of 
wild animals coexisting with vector ticks m common bio 
cenoses, give cause to regard tick borne relapsing fever as 
a zoonosis (Y N Pavlovsky) Foci of the disease have long 
been existing in nature owing to the circulation of spiro 
chetes between ticks and their alimentary hosts, the 
importance of man as a link m the food relationships of 
such foci being null The abundance of alimentary hosts of 
0 papil/ipes offers sufficient grounds to speak of the 
diversity of its feeding relationships These relationships 
as it were, present the routes for the transmission of the 
spirochetes (simultaneously with the feeding of the tick on 
the recipient host), or inversely, for the tick’s reception of 
spirochetes from the donor 

In their genesis and existence, natural foci of tick borne 
relapsing fever are completely independent of man, but are 
liable to become a source of infection for non resistant 
people when the latter penetrate into the active sphere of 
such foci and are attacked by vector ticks This explains 
the cases of infection of man m unpopulated localities after 
sleeping m caves, grottoes, under overhanging rocks, near 
the lairs of wild animals, etc 

Natural foci of tick borne spirochetosis are usually 
stable and confined within a definite epidemiological sphere 
of influence which follows, primarily, from the aforesaid 
features Under definite circumstances such foci may Irra- 
diate into man made economic biotopes and originate ncv/ 
foci closely bound with environments directly or indirectly 
dependent on man i e , on factors of anthropurgic nature’ 
This process is associated with the establishment of perma- 
nent settlements near or within a focus of tick borne 

‘ The term anthropurgic has been proposed for factors d -«-*♦?/ c- 
Indlrcctly concerned with the life and activity of man 



relapsing fever The topographic conditions may be such 
that the burrows containing the vector ticks may become 
included in the settled area or be shifted by rodents 
migrating to more “bountiful” and hence more alluring 
economic biotopes The possibility of the latter, ho\ve\er, 
IS restricted by the fact that O papi/hpes spend an e\* 
tremely limited time on their alimentary hosts 

Since both the rodents (rats or gerbils occasionallj 
becoming as it were, commensates) and the ticks migrating 
into the direct vicinity of man, may be reservoirs of the 
spirochetes of tick borne relapsing fever (obtained in the 
natural focus), a new focus of disease springs up In the 
new ecologic circumstances the latter’s existence is like 
wise maintained by man who occasionally becomes a link 
in the transmission chain of the pathogen Besides this 
pathophysiological relationship, an important part is plajed 
by man’s economic activity itself, i e , by the character of 
the buildings he erects, conductive, in certain cases, to the 
existence of ticks, inadequate sanitation of domestic pre- 
mises, maintenance in the latter of domestic animals 
appearance of conditions favouring propagation of com 
mensate pests (rats, mice, etc) and the latter’s existence in 
the neighbourhood of man, etc , etc 

In view of the said relationships, special consideration 
should be given to the part played by domestic animals in 
maintaining the circulation of the spirochete of tick borne 
relapsing fever in the direct vicinity of man The impor 
tance of domestic animals as spirochete reservoirs depends 
on two circumstances (1) the possibility of vector ticks 
feeding on animals, (2) the susceptibility of animals to 
infection The first circumstance depends upon (a) the 
mJlcctgness of vector ticks to feed on ike g.'veo speaes of 
animal (b) the possibility of contact between the tick and 
Its alimentary host 

Various domestic animals have been subjected to ex 
periments involving infection with the spirochetes of tick- 
bome relapsing fever In the experiments of numerous 



authors (I A Moskvin, A Y Alymov, P P Popov. 
S P Kandelaki et al ), dogs proved susceptible An attempt 
m Khorog (Western Pamir) to infect a young lamb and kid 
through the bites of O papilUpes undertaken by G Zmeyev 
(Pamir expedition of the Tajik branch of the USSR 
Academy of Sciences), gave negative results The experi- 
ments staged m Moscow by ourselves in collaboration with 
A Cheskis (1942) involving the infection of young pigs 
with a strain of spirochetes isolated from O papillipes m 
Ferghana by injecting pathogen carrying blood into the 
nostrils and conjunctiva, as well as subcutaneously and 
intraperitoneally, caused neither apparent nor latent spiro- 
chetosis Other authors have likewise seldom succeeded 
m obtaining latent infection in pigs (experiments with a 
strain of Sp hispamcum from O maroccanus) The experi- 
ments made at our request at the parasitological laboratory 
of the Sukhumi affiliated station of VIEM (All-Russian 
Institute of Experimental Medicine), involving infection 
of domestic animals with the spirochetes of tick borne 
relapsing fever (L Kuzmina) led to the disclosure of 
latent infection in a sheep and ass, whereas a calf proved 
resistant 

In regard to cats, various data are available Ourselves 
and A Cheskis have observed only latent spirochetosis in 
kittens infected with the disease S P Kandelaki infected 
cats with the strain “Saganlug”, while P P Popov and 
I Akhundov observed the death of kittens after inoculation 
with the Azerbaijan strain “Kerghez” 

It may be concluded that domestic animals can hardly 
play any important part in maintaining and circulating the 
pathogen m question in the direct vicinity of man (economic 
biotopes), being secondary m this respect to commensate 
rodents However, the importance of domestic animals as 
massive alimentary hosts is great, which finds its confirma- 
tion in the frequently observed abundance of O papillipes 
m cattlesheds, where the sustenance of the entire mass of 
ticks cannot be provided by commensate rodents alone 



ISOWTIOV OF SPIROCHETES FROM 
SUSPECTED PATIENTS 

The basic diagnostic procedure is the discovery of spiro 
chetes in the peripheral blood (thick film staining b> the 
Romanowsky Giemsa method without preliminary alkali 
nisation by water) 

In tick borne relapsing fever, spirochetes usually occur 
m small quantities, e g . 1 or 2 in several blood drops Their 
incidence is more frequent during attacks, but is sometimes 
revealed m mterfebnle periods Cases are known uhen the 
spirochetes revealed at the onset of disease (on the 5th or 
6th day) remained in the blood for 14 to 20 davs In gener 
a! no regularities were established m the appearance and 
disappearance of spirochetes m the peripheral blood while 
according to L Stavissky, 18 to 20 per cent of patients did 
not reveal spirochete* at all In rare cases healthy people 
have been found to carry spirochetes An important supple 
mentary diagnostic method is infection of guinea pigs with 
the blood of patients applied to the nasal mucosa or 
conjunctivally, with subsequent dark field microscopy of 
stained blood films or fresh blood The procedure permits 
the isolation of spirochetes in patients whose blood seemed 
sterile at simple microscopy 

For differential diagnosis it is necessary to remember 
that in some cases the disease may be accompanied by 
malaria which should accordingly be reflected in therapy 
Salvarsan treatment is generally acknowledged to be of 
little use m tick borne relapsing fever osarsol is not ilwa>s 
reliable with mioarsenol relapses are observed m 10 per 
cent of all cases 

Incubation lasts for a period from 4 to 7 dajs The onset 
is accompanied by chill temperature swiftly rising to *^8 
to 39® C, sometimes 40^ and general malaise The temper 
ature curve is highly variable occasionally resembling that 
of malaria or brucellosis sometimes even irregular, which 
indicates the irregularity of attacks and different length of 
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Fig 24 Temperature curve in spontaneous case of tick*bome 
relapsing fever. Northern Iran. 

apyrexia. The number of attacks varies from I to 26 Total 
duration of disease — 1 to 2 months. 

When curing progressive paralysis by infection with 
tick-borne relapsing fever, the disease went on, without 
other therapy, for 5.5, 6, or even 7 months. 

From time to time, the pathogen penetrates from the 
viscera to the peripheral blood. A laboratory case is known 
when spirochetes were revealed in the blood nine months 
after onset. 

Difleientiai diagnosis should envisage louse-borne relaps- 
ing fever and malaria. 


EXPOSURE 

Since contagion takes place during the suction of 
infected ticks, man is exposed to infection in places 
where he is liable to tick attack, viz , sufficiently large 
natural tick biotopes, e.g., caves, grottoes, natural ledges, 
artificial excavations (sumes in Turkmenia). Hungry ticks 
may also attack man in caves where their presence is in- 
conspicuous. Cases of the kind have occurred during short 
visits to caves in the daytime. Often, infection takes place 
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when people put up for the night m caves, grottoes and 
other places in the areas of distribution of vector ticks 

In anthropurgic conditions, infection may take place on 
the premises of primitive buildings, m cattlesheds different 
abandoned structures and nuns within the geographic 
range of vector ticks which inhabit cracks in plaster and 
rat and mouse holes 

Tick attacks are possible at any time of day and night, 
regardless of season provided that the ambient tempera 
ture does not arrest blood digestion or render the ticks 
immobile for long periods The immersion of the hypostome 
into the skin and subsequent suction are not felt by a 
sleeper, who does not wake up On repletion, the ticks 
crawl back to their biotope The site of tick bite develops 
a vivid skin reaction which testifies to the attack of 
Ornithodorus a circumstance of certain diagnostic and 
epidemiological importance 

When collecting anamnestic data on a suspected patient, 
It is necessary to find out what places he visited during 



Fig 25 BulfcHng of local matenals— domestic focus of 
tick borne relapsing fever. Central Asia 



the last 10 or 12 da>s and >\helher he had spent the night 
m nature or on premises likely to harbour ticks The dis 
closure of the typical skin reaction is an important index 
The human piopulation of vector inhabited areas, contract 
the disease at an early age Near Keraj (Iran) a case was 
recorded m a baby ^Mth all the typical manifestations— 
traces of tick bite on the skin and incidence of pathogens 
m the blood Repeated attacks of infected ticks on post- 
convalescents merely increase their resistance to renewed 
infection, whence, as a rule, fresh cases are mostly observed 
among people arriving from non endemic localities 
Stable foci of the disease may form m separate buildings 
and even rooms As observed by Slavina (1944) m the 
settlement she visited, the disease was successively con- 
tracted by 9 newcomers residing on arrival in the same 
house 

A similar observation was made in another locality, 
where the disease was successively developed by the inhab- 
itants of a room in a primitive building, whereas no cases 
were noted among the neighbours This circumstance testi- 
fies to the unwillingness of ticks to migrate 
Thanks to their high famine resistance, ticks may remain 
in abandoned buddings for long periods Hence, such pro 
mises should never be slept in A characteristic occasion 
was observed during one of our expeditions to Iran Cases 
were noted when people fell ill at a customs house located 
in a half ruined earthen budding Prolonged investigations 
showed It to harbour infected licks When the office was 
transferred to other tree sheltered premises further off 
along the dyke bank, the disease was no longer observed 

SE/VSONAL PRE\'ALENCE 

According to the records of one of the hospitals in 
Tajikistan for 1923 1925, m the year 1925, peak Incidence 
was observed m spring and the beginning of summer 
Monthly prevalence in relation to the overall rate was as 
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follows from December to February — 1 per cent, March 
May — 58 per cent (Maj — 36 5 per cent), June September — 
23 per cent, and October-November — 9 per cent 

Morbidity dynamics should be assayed among the newly 
arriving, non-immune section of the population, since the 
local inhabitants develop the disease at early ages, and 
hence prove unsusceptible to subsequent infection when 
occasionally exposed to the attacks of infected vectors In 
the town of Osh, Southern Kirghizia, peak morbidity was 
observed in August 1937, and in May July 1935 (Y N Pav 
lovsky, A Alymov, 1939) 

Sporadic cases may likewise occur during the cold 
season, since O popUlipes, residing in primitive dwellings 
and services, may retain its mobility throughout the year 
In experimental conditions, this tick may feed and trans 
mit spirochetes even at +5** C (Y N Pavlovsky and A N 
Skrinnik) In the Pamirs, O papiHipes is revealed at an 
altitude of 2800 m above sea level (G Y Zmeyev) 
Occasionally, unexpected outbreaks of tick borne relaps 
mg fever are observed Thus, in one of the towns in Taji 
kistan, long known to be focus of the disease, approx 
imately 200 cases were registered in 1940 1941 The local 
cottages were constructed on the European pattern, the 
walls and other parts however, being taken from older 
structures to accelerate erection Earlier, it had been 
established that wall Assures m the old huts contained 
infected vectors Many newcomers were accommodated m 
such cottages which was the cause of the observed mor- 
bidity 

PROPHYLAXIS 

Prophylactic measures against tick borne relapsing fever 
are adopted for two purposes protection of man against 
attacks of vectors and anti tick treatment of the environ 
ments— domiciles, services, and the natural biotopes of 
ticks (rodent burrows caves, grottoes, etc) The surest 
way of preventing infection is to avoid sleeping in primitive 
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shelters which may be suspicious in regard to infestinenT 
with vector ticks This, obviously, concerns localities within 
the vectors’ range of distribution In any case, it is belter 
to spend the night m the open air — m yards, gardens, or at 
any rate, withm a fair distance from earthen walls 
A question still unclaritied is whether Omithodonis 
abandon their burrows for feeding only at night or at other 
times too Investigations to this effect should be made 
locally and by local means and personnel Various safe 
guards have been proposed for protection of sleepers against 
tick bite, the most reliable being the use of bed nets sus 
pended around and above the bed The bedstead should be 
placed at a distance from the walls, and the legs put in 
bowls or cups of water This, however, is not alwa>s 
practicable Tar emulsion and mint tincture have been used 
as repellents, but their effects are too short lived 
In their natural biotopes, such as caves, hungry ticks 
may attack man m the daytime Cases ore known when 
tick borne relapsing fever was contracted after short visits 
to half blocked caves, where ticks had not been detected 
Individuals collecting vector ticks m nature fall ill almost 
invariably Protective suits in such cases are unusable, due 
to unreliability and impossibility of long wear owing to 
intolerable heat The urgent need for developing adequate 
repellents is evident 

As regards sterilisation of dwellings, a useful measure 
IS general repair, plastenng of walls, especially fissures 
and panelling, reliable blocking of rat holes which may 
contain spirochete carrying rats and vector ticks 
The use of chlorine and chloropicnn for eliminating 
ticks in earthen buildings is technically difficult The inner 
surfsces of & fumigated domicile cootmue to exvde s^s 
for long periods, which renders it uninhabitable 

Many authors, including our own colleagues, have tested 
preparations of DDT and hexachlorane, but within their 
habitats m human dwellings, Omithodorus ticks are almost 
inaccessible to the effects of contact poisons, and, besides. 
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are resistant to the said preparations The latter are Used 
m the form of emulsions and suspensions for spraying or 
as powders for dusting According to I Teravsky and 
A Shustrov, the resistance of ticks m different metacyclic 
stages may vary, being higher m the HI, IV and V nymphal 
stages m males and females On contact with poison, larvae 
and nymphs of the I and II stages lose mobility in several 
hours, dying after 5 to 20 days Nymphs of greater age, 
males and females, may survive m 10 25 per cent of all 
cases 

Tick infested premises should be treated with DDT and 
hexachlorane preparations with due regard for the existing 
rules for handling the respective substances 

Special thoroughness is necessary m treating the bottom 
of walls, cracks, niches, fissures, holes, concentrations of 
refuse and loess on floors and m corners liable to harbour 
ticks Repeated treatment should preferably follow after 
one or one and a half months Three or five days after 
treatment, all cracks should be plastered holes blocked 
and refuse removed The advisable time is summer and 
autumn when the larvae have hatched and the first nymphs 
appear, the latter being less resistant to the preparations, 
which, however, does not rule out control measures at 
other seasons 

The approximate dosage of DDT and hexachlorane 
should be 3 gr ADV per sq m of surface The dose is 
calculated according to the strength of the technical prep 
aration contained m the dust or emulsion The natural 
biotopes of the ticks — burrows, caves, grottoes — are 
treated with hexachlorane, which is taken m the ratio of 
■4 to 6 gr ADV per hedgehog or turtle burrow and 3 gr per 
sq m of surface in caves 

DDT, and therefore should be used in farm and service 
buildings and natural biotopes of ticks It is likewise advis 
able to treat tick-infested dwellings with hexachlorane, 
provided they are thoroughly aired before receiving inhabi- 


12 - 15-19 


t77 



tants. The most effective way to eliminate foci of tick- 
bome relapsing fever in settlements is to construct build* 
ings in conformity with sanitary requirements, to plant 
parks on waste areas, and destroy rodents and their 
burrows. Control of the foci will be greatly enhanced by 
extensive economic development of wasteland, wide-scale 
hexachlorane treatment of the natural biotopes of ticks 
(burrows of wild animals, caves, etc.) and extermination of 
rodents. 

Occasionally, burrows of wild animals may be found in 
ravines, road ditches, half-destroyed earthen walls, and 
other places on cultivated land where people stop to rest. 
Elimination of such foci is effected by hexachlorane 
treatment with subsequent checking of its results. If 
necessary, treatment may be repeated. On large areas, 
where broad-scale control campaigns are carried out 
against rodents as general reservoirs of acute infections 
(as in some of the republics of Central Asia and Transcau- 
casia), the work should be done in accordance with the 
mentioned requirements, envisaging the elimination of foci 
of tick-borne relapsing fever as well as similar diseases 
with natural foci (cutaneous leishmaniasis, etc.). 
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iiue-napasiiTU ii neKoropuc napaairrapiiue CoicaKii neioseKa b TaA 
jKiiKiicTaiie M — Jl , 1929 crp 84 

(Pavlovsky Y N Ticks of the g Ornilhodorus in their relation to the 
problem of tick borne fever in general, and in Central Asia in par 
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ticular Animal parasites and certain parasitic diseases of man in 
Tajikistan ) 

riaBnoBCKHfi E H HoBue o<ian! iciemeBoro pcKyppenca b CCCP 
(CeBepubiu KaBKaa ti SaKaBKaabe) Tpyau oueia napaaiiToioriiK 
2, J936, crp 9 

(Pavlovsky Y N . Nev. foa of lick borne recurrence in the U S S R — 
Northern Caucasus and Transcaucasia) 
riaBiOBCKMfi E H PjKOBOACTso Ro ^aaa3llTO.^o^{^ii «re70Def.a, 
1948. T n 

(Pavlovsky Y. N , Manual of human parasitology ) 
naBnoBCKiifi E H KiemeDofi DoaopaTiibiii thiJ) b Ilpaiie Sniiae- 
Miioioro napaaiiToionmecKiie BKcneaiiunit b Itpaii ii napa3HTo.7o* 
rimecKiie iiccnejoBaHiifi llaj AH (XCP, 1948 ap 179 
(Pavlovsky Y N , Tick borne relapsing fever m Iran Epidemiological 
and parasitological erpedihons to Iran and parasitological studies) 
naBnoBCKitt'i E H O nepeiiocmiKax Kiemenoro Boaopariioro 
THipa 11 0 npnpo^Hbix cro oiarax b Kapa KainaKiiii ti iicKoropuecoo- 
6pa>Keiii(n o6 dDoniouiiii BoaBpaTitux riiipoB qeiooeKa Bonpocu Kpac- 
Bofi oCmeil » BKcncpH'ieHTaibiiofi napaaiiToaoriiH M —Jl , 1919, 
T 4, crp 3 

(Pavlovsky Y N , On the vectors of lick borne relapsing fever and 
its natural foci m Kara Kalpakia. with certain comments on the 
evolution of relapsing fevers of man) 
naBioBCKitfi E H Meroitbi od&xcixo&ainijt ita Kretaesoil cmi 
poxeroa b cepiiii <B noMotUb MenuuuiicKtiM padoritiiKaM BeiiiKiix 
crpoeK K0MM>Hii3Ma» Meariia, 1952 
(Pavlovsky Y N , Test procedures for tick borne spirochetosis ) 
Pavlovskij E N, Lcs particulantes biotogiques et physlologiqucs des 
tlques Ornithodorus papillipes transmettcurs du t)phus r current 
a tiflucs Proceedings XIV Int Congr of Zoology, Copenhagen, 
1953 (1936) 360 363 

naBJioBCKiift E H II Aim MOB A JI O KicmeBOM boj 
D pariioM Tii4>e b KnKHoii KHpriiaiiii Tpyau oTAeia MeAituiiiicxoil 
napaaiiToioriiu 1933, 3, 72 

(Pavlovsky Y N and Alymov A Y . On tick borne relapsing fcvc' 
in souihcrn Kirghizia) 

naoioBCKiifi E H II Smccd H ff PacnpocrpaneHire 
Ornithodorus paptlhpes d cbwh c BmueMitoioniefi Kieiiieooro pe- 
Kyppeiica b wro docto'iiiom TaiwiiKiicraiie Tpyau TaA>KiiKcKoll 
6a3U AH CCCP. 1910. 11,34 

(Pavlovsky Y N and Zmeyev P Y . The distribution of Ornlthod rjs 
^papvtlv^pes «v vUsetaUoft to ttw epvderalotogy ot Hck boteve ccciirteocc 
in south eastern Tajikistan) 

naDioBCKHfi E if H JIOToaKiiil D B Hapy«ii3« wop 
djoionis nepeiioc'iiiKa luemeBoro nosnpariioro Tii^ia n Cpeaii'S 
Aaiiii K.iema Ornithodorus paptUlpes napaanroiorimecKHri cdo,'* 
HHK. 1948, 9 125 . . , 

(Pavlovsky Y N and Lofotsky B V, The external morphologv of 
Ornithodorus papillipes the vector of tick borne relapsing fever 
in Central Asia) 
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naBiioDCKiin CH, ncpBOMafiCKttri rc.ii Ma 

r II H K n HeKOTopbte 3Kcnep!i»eKTa;ii>Htje flamiue npii cpea 
HeasnaTCKoil KnemeBoro BoaspaTHoro Tiitba iloKaaau AH 

CCCP 1950 72 4 813 

(Pavlovsky Y N Pervomaisky G S and Chagin K P . Some expen 
mental findings on the Central Asian form of tick borne relapsing 
fever ) 

riaBJioDCKiifi E H It riocnenoBalllTpoM B 

O KaemcBoM BoaspaTiioM Tit^ie ii ero nepe«oc>ii<Ke iia Sana^noM IlaMii 
pe TpyflM oTfleaa napaanTOJiorMii Bff3M 1938 3 45 
(Pavlovsky Y N and Pospelova Shtrom M V Tick borne relapsing 
fever and its vector in the Western Pamirs ) 
naB.noBCKiifi E H iiCkpuhukk A H Ha6'iioj;ein!5i 
iiaa Oitoaoriieil Metiia Orntlhcdorus papillipes nepei<oc<!iiKa Kae 
luenoro Tti^ia b CCCP Tpyau Boeniio Me^iimiiicKori aKaAeMiiii iiMeiiii 
C M Knpona 1937 8 277 

(Pavlovsky Y N and Skrlnnik A N Observations on the biology of 
Ormtftodorus papillipes the vector of tick borne relapsing fever 
in the USS R ) 

naDaoBCKiill E H iiCKpuimiiK A H 0 npoaonifciiTeat.* 
HOCTit coxpanejinn caMKofi Kflcma Ormlhodorus papUltpes cnocod 
noCTit nepeaaoaTb KaetueBoh BoaspaTHuh t>i 6 SooaonivecKnfi Kyp 
Tiaa 1945 24 3 161 

(Pavlovsky Y N and Skrmnik A N . Survival of the ability to trans 
mit tiCK borne relapsing fever in female ticks Ornllhodcrus papillipes ) 
naoioocKtift E H 11 CKpuHiiiiK A» H TpsHCoaapn 

aabiiaa nepeaasa ennpoxer Kaeuienoro BoaepaTiioro Tiiijia y Kaeuiefl — 
ncpeiioc'iHKoo Ornlthodorus papillipes C6op aniiACM napaa axe 
ncA 0 Hpau it napasittoionmecKiie iiccaciooaitiifl 1948 erp 222 
(Pavlovsky Y N and Skrlnnik A N Transovarial transmission of the 
spirochetes of tick borne relapsing fever in vector ticks Omtlhodo- 
rus papillipes Results of epidemiological and parasitological expe- 
ditions to Iran ) 

riaDioccKiifi E H ii CKpuniiiiK A H K diioioriiii 

Kjiemefl Ornlthodorus papillipes itohiaAU AH CCCP, 1956 t HI, 
6 CTO 1403—1405 

(PavlovskjY N and Skrlnnik A N , On the biology of ticks Ornl/fiocfo- 

rus papillipes ) 

naBnoacKitn C H n Ckpukhiik A H Bmiaiuie >nb 
Tpa4)Mo.ieTOBUx lyvefl na KTemefl Ornllhodorus papillipes— nepenoo 
•iiiKoD BoaCjflHTeiell McmeDoro cniipoxeroaa SooionmccKiifl jxyp 
nai 1957 t 36 8 II erp 1673—1682 
(Pavlovsky Y N and Skrtnnik A N The effects of ultra violet radla 
tlon on ticks Orni/Ziodorus papillipes) 
naoToBCKiifl E If If TepaocKiifi H K ZfeficTBiie no- 
iiiiHveinioro arMonheptioro gaB^eiiim ii ncKoropux raaon iia Kicmei'l 
Ornllhodorus papillipes Bir iloioiaAU AH C(xP, 195G, t 109, 6, 

erp 1133—1135 

(Pavlovsky Y N and Teravsky I K The effects of reduced ambient 
pressure and certain gases on ticks Ornlthodorus papillipes ) 



naB^oBCKiiil E H. nlHieOH A K aeitmnc \ti\a Or. 
nithodorus papilhpes bo Bcex ^lasax ero MeraMop^^au iia noKrocu 
^ejosehs Tp}AW owta napaSHTawniii BH3\t 1936 2 69 
(Pa\lo\sk> Y N andShteinA K The effects of tick biles b\ Om/ft 
odorus papilhpes m all stages on human sntegurrenta ) 
neTpumeBa n A KaMHiiOaiiiaM j Kiemeii Ornilhodcrus ksk 
B oavojKHUil njTh nepejawH cnwpoxer KiemoBoro Boaspatiioro Tiiia 
Hobocth MeamiiiHU, 1947, 5 2-1 

(Petrishcheva P A , Cannibalism in ticks Ornithodorus as a possible 
transmission route for spirochetes of tick borne relapsing feser) 
n H K V 7 b H H Cpe;jHea3ifaTcitiii} kseajeBo/i t»4> b ropoje OepraHc 
H ero B036jAiiTe7b PjccMifi jKjpHai TponmiecKofi sseanmuiu, 1928, 
6, 10 

{Pikul I N , Central Asian tick borne fe\er and its pathogen in the 
city of Ferghana) 

riocneTofia UlrpoM M B Kiemii opHiiioaopuHU n iix aniiic- 
MHOiorimecKoe 3i!a»iei!ife ffaa AMH CCCP, M . 1953 
(Pospelova Shtrom M V , Otnithodorus ticks and their epidenlological 
importance ) 


Tlocnciona lUtpoxi M B O reorpattumecicoM p^c^poap3R^ 
mill Knemclt nojceMeilcrsa OrmihodoTxnne Meaimi<ncx3R napaaii 
Toionm II napasiiTapKbie 6o7C3Hit I9f8. 17. 6 
(Pospelova Shtrom 't V . On the gec^aphical distribution of ticks of 
the subfamily Ornilhodonnae ) 

Hocnenoca UlrpoM M B Kneiuii it kx ponb b nepenoee 
S03Qv;iiiTeiefl 3a6o.ieBaKiili leioDeKa <napa3iiTO.'toriifi». efi p^ 
(pep fl3a ir/I M , 1951, 5 (18), erp 3 
(Pospclo\a Shtrom M V . Ticks and their importance in the transnis 
Sion of the causatixe agents of human diseases ) 

Panasa TK 06 o^are KaBxaacKoro Kiemenoro peK)ppeiica 
EKWieTenb Hajino iicc7eaoBaTeii.CKoro iihcthtjt 3 Maiapmi ii x-e- 
AiimuicKoii napaaiiTO-ionm hm C C Biipcaiajae 19-18, I, 3J 
(Rapava T K . A focus of Caucasian tick borne recurrence ) 
CepAioxosaH BO poiii Kiemcfi ceueficTBa Ixodtdae n nepoHoce 
Bitpjca cpeAHcaanaicKoro KiemcBoro Tinfia Tp>AU Bociino mcah 
miiicKori aKaACMHH hmchk C M Kiiposa 1941. 25, 135 
(Serd>uko\a N V On the importance of ticks of subf /xodidae In Ihe 
transmission of the \irus of Central Asian lick fe\er) 

C K a B II H c K 11 fi B A II r o p m c M If f( a j'l .'I h. Bovpoc^ o 
MClUeOOM B03DpaTHOM Tlllpe 0 T>pKMeHCKOri CCP TpjAU 2 fi pec 
njfiiHKaHCKOH ceccnii Typ^veitckoro H3)«Ko-HCCicAODaTC'5i>CKcro 
MCAnmiiicKoro oOmecroa 1944 155 
(Skaxinsk> V A and Gorshenina M M . On tick borre relapsing /ever 
in the Turkmenian S S R ) 

C K 0 n II H H r ffopoBue Kieuir pcaa Oral (Meet, s ii 6> oLnioiu 
Bop n IOahom Kasaxcranc MeaMuiiucx.an napasiimionia n napaw 
TapHue doTcaifH, 1943 12, I 79 

(Scopm N G Burro'S ticks of the genus Orrill'odcrus and burro* 
biocenoses in Southern Karakhsfan) 



Ckocihu H r O pacnpocrpaneiwH h aKoiorwR Ornilhodorus popff- 
llpes D IO)KiioM Kaaaxcrane HaBCcriifl KaaaxcKoro (biijinaia AH 
CCCP, 1944, 3 

{Scopin N G . On the distribution and eailogy of Ormthodorus papil- 
[ipes in Southern Kazakhstan) 

C K p bi H II II K A H K Citoionin Ornilhodorus verrucosus Tpypu 
BoeuHO MeflimiiiicKofi aKaacMini lUfeHM C M Knposa, 1939, 18, 43 
(Sknnnik A N , On the biology of Ornilhodorus verrucosus ) 
CKpuHHKK A H BjiKSHiie TCMnepaTypu na nepepa^y cniipoxer 
wiemaMii Ornilhodorus papilltpes Tpjjiu Bochko MeAimiiiicKori ana 
peMMii iiMeiin C M Knpoaa J1 , 1948, 44, 20 
(Sknnnik A N , The effects of temperature on spirochete transmission 
by ticks Ormthodorus papilltpes) 

C 0 c II II II a E C* O BuxniBaeMocTii foiemei’i Ornilhodorus papllh- 
pcs noa iirryKaTypKoft creii mccthux nocrpoeK SooioniHecKitii Kvp 
iiaa. 1949, 28. 4, 380 

(Sosnina E F , On the survival of ticks Ornilhodorus papUllpes under 
wall stucco m rural buildings ) 

C 0 H e n M C HoBufl biia cnupoxer tuna peKyppeiic Splrochaela 
lalijscheul MeaiinuHCKaR napaaMTonoriia ii napaaiiTapiiue ConeaiiH, 
1941, 10. 2. 267. 

(Sofiev M S , A new species of recurrens type spirochetes Spirochaela 
lahjschevl ) 

C iiJIeotiODaH A Hoaue Aainiue o pesepoyapax 
Biipyca KaeuieBoro DoaopaTiioro Tiiitia o ysOcKiicraiie j1apa3)iTo.no 
nniecKuri cfiopmiK SooionivecKoro imcTHTyTa AH CCCP, 1948, 
9. 265 

(Sofiev M S and Leono\a N A . Nev. findings on reservoirs of the 
virus of tick borne relapsing fever in Uzbekistan ) 

TpoHUKiift H B K fiiioionm Kietua Ornilhodorus papilltpes 
riapasiiTO^ioriiHecKiiri cdopiiiiK SooiorimecKoro iiii la AH CCCP. 
1936, 6, 37 

(Troitsky N V , On the biology of the lick Ormthodorus papilltpes ) 
TepaucKiifl H K h lUycTpon A K Onui 6opb6u c kjic 
mawn Ornilhodorus papilltpes Bir ii 0 lartakcxsskijlOl n ycnoaiinx 
CpeAiieu Asmh Tpyabi BoeiiHo-McaimUHCKofl aKaAciiini iiMeiiit 
C M KiipoDa, JI . 19o1. 58 67-77 
(Tcra\sky I K and Shustrov A K. Experience in the control of Or- 
nilhodorus papilltpes and 0 farfaftov.sfti/J 01 vn Central Asia ) 
Me6opapcc P C Mepu dopbCu c aiiMtiiiM saiuicuieBaiiKeM cko- 
Ta ConeicKas BerepuiiapiiB, 1937, 9 
(Cheborarev R S , Control measures against winter cattle infestment ) 
Mydapnii X A KnemeBofl Bosupaxiiufi tihJ) ii ero nepeiiociiiK b 
BarapuianarcKOM pafioiie ApMBiicxoft CCP Tpyau III SaKaaKascKoro 
no t vra'isipriveSj n aaCoAC 

DaiiiiaMii TdimiiCii, 1939 537 

(Chubaryan Kh A . Tick borne relapsing feser and its \eclor In ihe 
Vagarshapal district of the Armenian S S R ) 

111 T e fi H X a y 3 3 I'tiiKpodiioioniR iiaccxoMux M , 1930 
(Shlcmhaus C , Insect AUcrobiologt/) 



UlycTpOB A K OrniniBaiomeeii KoHTaKTHoeAeflaBiieaitwcTitr 
(praiaia. AK6\Tin4»TaiaTa, imj ii rcKcaxiopaHa iia HCKoTopue biuu 
jcietueH ce^t Argasida^ TpjAbi BoeHHo-iseAuuimchofi aKajcMim iimciih 
C M KiipoBa, 19o4, 58, 78—88 

(Shuslrov A K . The repellent and contact elteels ol dimelhjlphthalale 
djbul>JphihaIafe, DDT and hexacbJorane on cerlam specfes of 
Argasidae ) 

UI>ctpobA K KoHTakTHOeAefiCTBne Ha Kjiemefi poAa Oz-rti/AodcTus 
npenapatoa iLHT, reKcaxiopaita ti iieKoiopux HiiceKTimitAntix pac- 
Temifl TpjAu BoeHHo-MeAitnnHCKofi aKaAeMuii „Menn C M Khpobs. 
1954, 58, 89—97 

(Shustro\ A K . The contact effect of preparations of DDT, hexaclilo- 
rane and certain insectiadal phnts on ticJjs of the genus 
dor us ) 

lIIycTpoB A K npHMeHeiiiie iUlT it reiccaxnopaita a’s Coptdu 
c KietuaMii Ormi/iodorus b Hace.iemioM njHicre >i npiipoAHUx >cio- 
Biiax CoaercKoe aApaDooxpaHemte Kiipnisim, 1954, 3, 27—33 

(Shustrov A K . The use of DDT and hcxachlorane for the control cf 
ticks Orm/Aodorus in settlements and in nature) 

££f} CTpoB A fC /rpot^msKTuifa it njrit .’luxBKAaunn owres mo 
meBoro coaspaTHoro Tiujia Boemio-MeAitumtcKiifi «v%pHai, 1957, 8, 
61-65 


(Shustrov A K . Control and eradication of foci of tick borne relapsing 
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LEPTOSPraOSES 
HISTORY OF RESEARCH 

The leptospiroses were first defined as an independent 
class of diseases in the second half of the nineteenth cen- 
tury In 1886 Weil described a peculiar febrile condition 
accompanied by hypertrophy of the spleen, jaundice and 
inflammation of the kidneys, which he distinguished from 
other forms of icteric diseases Outside the USSR this 
clinical form is known as Weil’s disease or icterohemorrhag* 
1C leptospirosis N P Vasilyev (1888) presented more 
convincing data for the recognition of this disease as an 
infection sui generis, which he named infectious jaundice 
N P Vasilyev investigated 11 cases of the disease from 
1883 to 1888 and analysed 37 cases described up to 1888 
in other countries By his definition, the disease presents 
an acute infectious form with high temperature and in most 
cases symptoms of predominant lesions of the central 
nervous system, liver and kidneys 
N P. Vasilyev collected data on the seasonal and pro- 
fessional prevalence of the disease, which permitted it to 
be distinguished from other icteric diseases, including epi- 
demic hepatitis, then known as catarrhal jaundice Hence, 
in literature, this clinical form, which was first described 
by N. P Vasilyev and Weil and presents the primary 
clinical type of leptospirosis, is justly named Vasilyev- 
Weil’s disease (synonym icterohemorrhaglc leptospirosis) 
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The hypothesis conceramg the infectious nature of 
Vasilyev Weil’s disease was confirmed 26 years later when 
the Japanese authors Inada and Ido (1914) discovered its 
causative agent, which they gave the name of Spirochacta 
icterohaemorrhagtae [synonyms Sp icterogenes (Uhlen- 
huth and Fromme), Sp nodosa (Hubner and Reiter)] Later, 
Noguchi, issuing from the biological and morphological 
similarity bet^veen Spirochaeta ictcrohacmorrhagiae and 
saprophyte spirochetes [Sp bifJexa (Wolbach, Binger, 
1913)], classified them as an independent genus — Lepto- 
spira (leptos — thin, speira — spiral, Noguchi, 1918). 

CAUSATIVE AGENT 

In preparations fixed with vapours of osmic acid and 
stained by the Romanowsky Giemsa method, ieptospires 
assume a reddish violet colour Their length is 7 to 14 p, 
seldom up to 30 40p. thickness—O 25 0 3}i The amplitude 
of the primary coil is 0 45 0 5 p, height— 0 3 p; one or both 
ends are hooked 

With the advent of electronic microscopy, the morpho- 
logical description of Ieptospires was somewhat modified 
(Morton and Anderson, 1943, Babudien, 1958, et al) The 
average length of Ieptospires is now known to be 4 to 38 p, 
diameter — 0 07 to 0 14 p, primary coil amplitude — 0 25 p 
and height — 0 3 p Flagellate structures, granules, vacuoles 
or other inclusions have not been revealed The body com- 
prises a central axial thread (approx 0 02p in dia ) and a 
cytoplasmic spiral evenly surrounding the former The 
cytoplasm is covered with a delicate structureless mem- 
brane The axial thread is believed to be a skeletal struc- 
ture and organ of mobility Being secured to the internal 
membrane and contracting at regular intervals, it causes 
the spiral to rotate, thus effecting its locomotion through 
liquid and semi-liquid media (Babudien, 1958) 

The identification and study of Ieptospires in genera] 
biological practice is based almost exclusively on micro- 



scopy of preparations of live leptospires (by the crushed 
or hanging drop techniques) The organisms refract light 
with difficulty, due to which they are examined by dark- 
field microscopy (with a paraboloid or cardioid condenser, 
etc ), the object being side illumined and slightly magnified 
(eg, with a 40x object glass and lOx eyepiece) In dark- 
field examination they appear as silvery white threads, 
consisting, as it were, of equal sized granules or regular 
discs closely adhering to one another (primary spiral coils), 
one or both of their ends terminating m hooks, although 
hookless forms are met as well At the ends there are also 
button like swellings (granules) The hooks present a con- 
tinuation of the plasmic spiral Survival forms (spores, etc ) 
have not been discovered 

An essential diagnostic feature of leptospires is their 
mobility, which changes according to the density of the 
medium In water and liquid nutritive media they perform 

(a) rotary movements on one spot, caused by simultaneous 
rotation of both terminal hooks, the median part (body) 
of the leptospire being drawn out in a straight line, 

(b) rectilinear progressive motion in the direction opposite to 
the rotation of the hook (c) circular motion In semi liquid 
media (e g , 0 1 to 0 2 per cent agar +10 per cent rabbit 
serum) leptospires move sinuously, the body twisting into 
waves and losing the shape assumed m liquid media 

Leptospires are typical hydrobionts, i e , they are able 
to live only in media containing water m quantities suffi 
cient for locomotion The saprophyte types inhabit the 
water m natural and artificial reservoirs, while pathogenic 
leptospires are contained in the blood lymph, primary urine 
of the kidney channels and the spinal fluid of man and 
animals Drying causes rapid death The microbes are non- 
resistant to light, high temperature and variations of 
medium pH below and above the optimum pH=7 2 74 
Reproduction is effected by transverse fission 

Besides the causative agent of icterohemorrhagic 
leptospirosis (Vasilyev-Weil s disease) approximately 4Q 



serotypes have been revealed, all pathogens of human 
leptospiroses These organisms have been named fay the 
binary nomenclature (e g , Leptospira batavia, L canicofa, 
etc ), 1 e , they are each regarded as a separate species 
The specific classification of leptospires is based on 
serologic (antigen) distinctions revealed in the reactions of 
agglutination and lysis The Rieckenberg test is not suffi* 
ciently specific, and complement-fixation too involved The 
serotypes are markedly specific, having a stable antigen 
structure (Table 1) 

Tdle 1 

Species (Strol>-pcs) of PMliopcnic Lcp!r<pirrs and I fplo®pirrsrs 
Occurring in Ific L S b It 


Srer es (serotyre) 
wilb synonyms 


£ leUTohatmorrha 

gtaf (loads a Ido 
1014) L letero 
gents L AodofJ 
type \ 


L grippe lypho<a 
(TansoT 192S) 
i iHuHna tjpo I 


\ nsitjov Ucil sdis 
cose iftcroliacm 
orrhagic Icpio 
spirosis group of 
ictenc Icpiospi 
roses Leihalitj 
up to 10 per 
coni 


Walcr fe\cr group 
of non icfmc lep 
to*'pirosfS Lclli 
ality negligible 


Occurs more often in urban 
Iban in rural lorahSlrs in 
presence of principil tt^cr 
\otr— grtj rats Second 
ary rtser\oir— dogs Infec 
tion Iransmilted ilirougli 
walcr {during baiUlng 
drumgc sewengo and 
oilier work) food furmttiro 
coiilnminatcd bj tin, urine 
of rats Sewnnl pre 
\-alencc — summer and nu 
lumii 

The most widespread form 
of hplosnirosis In He 
U S S 11 Occurs more of 
ten in urbin llian m ru 
ml Jonhllca Hesor 
— rodents Cncetuh'^se 
Mundae (root ^oJe com 
mon \ole field ^ole field 
mice etc ) and cillle 
Man infcclcd wben 
making on ewampv jjrjds 
balliiM? in simll bOr-> 
ponds tending sick cows 
or drinking Iticir milk 
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(Continued) 


Spec es (a-'rotyrc) 
wiiP synonyms 


L pomona Klay 
ton « Derrick 
1936 FP C Mo 
iijakov typo n 


L tarassoul L 
Pr A (Tarasov 
1938) type III 
t hyoi L mi 
Its (Johnson) 

L conleo^a (Klaren 
hoeck Sebuffner 
1932) type IV 


L (Walch 
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h rtero (\nanyjn 
and Karasyo>a 
1950) L Saxka 
thing 


L htbiomidls lio 
Ito Waul 1916 
L Akiyaml B 

L katnehstanlca I 
I^jjkogorskflja 


Clinical form 


Pomona leptospiro 
S13 group of 
non ictenc lep 
tospiroscs 


Far Eastern leplo 
spirosis non ic 
teric group 


Canicoia fever 
Cases %itb jaun 
dice record^ in 
the USA and 
Ocnniark fa (he 
USSR only 
non icteric cases 
are known 

Batavia fever Non 
icteric forms re 
corded in the 
USSR and lla 
ly In Indonesia 
BSs>u[ncs severe 
form uith jauo ' 
dice 

JScro Jepiosptrosis 
^o^ icteric 


Small isolated outbreaks and 
separate ca^ca associated 
with bathing in ponds con 
taminaicd by eicreti of 
eliminator pig^ and tend 
ing of the latter {'tclreein 
bunlerkrankbcii) Cattle 
less important m dissemi 
nation Ucscrx-oits in na 
turc — field and domestic 
mice grey rats 

Rarely ocenrs in the Soviet 
Union (Far East Allnt Icr 
ritory) Reservoir— cattle 
Natural reservoirs un 
known 

Occurs in individuals mam 
taming close contvet viitb 
reservoirs owners of slidge 
dogs and domestic pets 
velcnnanans dog pound 
personnel etc Grey rats 
suspected os reservoirs 
(Saklialin) 

Sporadic cases in Byelorus 
sia Mam reservoir— bar 
vest mire (\aroslavl re 
gion Bjelorussia Altai 
territory Northern Kazakh 
Stan) 


Sev cn day fev cr 

Non tcicrie 


Kazakhstan fever 
Non icteric 


Cases occur during haymak 
ing on swampy Ooodland 
around lakes md rivers 
(Yaroslavl and Smolensk 
regions Prunorje territo 
rj) Reservoirs~rool voles 
and easlcrn vole 
Sporadic cn<!e3 in Pnmorjo 
territory a«sociated with 
bathing in small ponds 
Reservoir — eastern vole 
Southern Kazakhslnn Res 
ervotr — lai^o and Tamar 
isk gcfbils 



(ConJjnufliJ 


Srecies Iserotyrc; 
wtb synonyms 

Clinical form 

EriJemloloelc fniures snJ 
reservoirs 

i K<2^ackstaf!ica H 
Krepkogorskaxa 
194 k 

Ditto 

Ditto 

L ussun 

Non iclcnc Ifeb 

Pnraorje (erritorj Hoscr 

Krafninskaja and 
Cskm IDo. 

domsdis gr . 

roifs ta nature not definite 
li known 

L ertnacei au^ilt 

Not dofinilcty os 

Sporadic case< Infection 

Auanjin 19^9 

ta&hshod 

known to be widespread in 
Sla\ropol tcrrilorj among 
long cared bcd^cboqs 

I poi Afiflo ton 
L sonx 

Ditto 

Sporadic C'V'Cs in WMtern 
i urope Lcplospjivs tc 
^cnU■a mthokidncjsorcoai 
mon «.brew5 lOot votes and 
common vob-s 

L ertracel euwpoej 

No cases recorded 

Infection discovered in I uro 

Abinjio J9ol 

la man 

pean bedgebog* ('•tosco«?r 
region) 


The pathogenicity of different species may vary widely 
However, the clinical picture, m man as m animals, though 
caused by different leptospires, is largely stereotype, owing 
to similar pathogenesis in all leptospiroses, which is based 
upon a lesion of the nervous system and functional disturb- 
ances m other tissues and organs, especially the liver and 
kidneys 


CLINtCAL FEATURES 

Generally speaking, none of the symptoms are associated 
with any one species or subspecies of leptospires It is 
possible to speak only of the prevalence of certain symp- 
toms in cases brought about by a given leptospire (icteric, 
non icteric and meningeal forms) and greater or lesser 
severity (malignant cases with high lethality and benign 
forms With a negligible death rate), associated with the 
pathogenicity of the given species of the causative agent 

190 


In malignant forms, Symptoms of a severe lesion of the 
nervous system are accompanied by marked afflictions of 
the liver and kidneys One of the most vivid manifestations 
of liver pathology is jaundice of the skin and mucous 
membranes 

The clinical forms of leptospiroses are divided into two 
groups icteric (malignant), in which jaundice occurs in 50 
and more per cent of all cases, with up to 10 per cent 
lethality, and non icteric (benign), in which jaundice and 
lethality are extremely rare In the Soviet Union only one 
icteric form is known to occur, viz , Vasilyev Weil s dis- 
ease The group of non icteric leptospiroses includes water 
fever (causative agent L grippo typhoso) and leptospiroses 
caused by L pomono, L tarossoxvi (syn L mitis), L cam- 
cola, L nero (L saxkoebmg’), L kasachstanica I, L ka 
sachstanica II 

Expenments on guinea pigs weighing 100 to 200 grams 
and other laboratory animals, provided ample data 
justifying the division of leptospiroses into two groups In 
guinea pigs infected with L icterohaemorrhagiae, the 
icterohemorrhagic leptospirosis proceeds with high temper- 
ature, jaundice, hemorrhages m the organs, and almost 
invariably has a lethal outcome Guinea pigs infected with 
L grippo typhosa or other species of the non icteric type, 
have mild forms of the disease with brief (2 or 3 days) 
temperature rises and inhibited growth, the outcome is 
mostly favourable 


EProEMIOLOGY 

Epidemiologically, the leptospiroses differ essentially 
from other zoonoses with natural foci m that no blood 
sucking vectors of the pathogen have as yet been definitely 
established in the natural and anthropurgic foci of the 
disease Transmission through water is proved beyond all 
doubt 
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The epidemiologic importance of man as a reservoir is 
null, although post convalescents may occasionally be 
eliminators, which is explained by certain properties of the 
leptospires, pathogenetic features of the infection and cir- 
cumstances of social nature The leptospires remain in the 
convoluted tubules (I and 11 orders) of the kidneys and are 
eliminated with the unne The amount of leptospires in 
such urine is usually negligible, their viability mostly low, 
whence m acid urine they swiftly perish Infection through 
contact with objects surrounding the patient and contami- 
nated by the latter’s urine is almost impossible due to the 
pathogen’s low resistance to desiccation Epidemiological 
instances of infection by such routes have not been re 
corded 

The reservoirs of pathogenic leptospires are many species 
of rodents, fnsectivora, Artiodactyla, Penssodactyla, Cami 
vora, Cheiroptera (Table 2) 

The importance of these reservoirs in disseminating 
infection is unequal, but the mechanism of transmission is 
similar m all 

Both animal hosts and human post convalescents mam 
tarn leptospires m their kidneys (convoluted tubules of the 
r and II orders) and eliminate them into the environment 
with their urine Man may contract the disease while bath- 
ing or at work (drainage, bridge construction, etc), and 
when drinking water or washing in reservoirs contaminated 
with the urine of pathogen carriers, etc Less important is 
infection through food, furniture, domestic utensils, etc, 
contaminated with animal urine Cases are known of infec- 
tion contracted while tending diseased agricultural animals 
and doi?s or when trapping leplospire caroling rodents 
Contagion takes place at contact with animal urmc contain 
mg leptospires The portals of entry of the infection are 
damaged skin and mucosa (of the eyes, gastro-intcstinal 
tract, etc ) 

The principal reservoirs of leptospires pathogenic for 
man are certain species of rodents (chiefly, Mundac and 
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Cricetulmae), which may be either synanthropous or 
inhabiting m nature, where the infection usually assumes a 
chronic course After infection, which takes place through 
damaged skin and mucosa, the leptospires circulate in the 
blood for 5-10 days, pending which they concentrate in the 
convoluted tubules of the kidneys, from whence they are 
discharged with the urine Pathogens may contmue to be 
revealed from several days to a year (findings of experi 
ments on common voles) The amount of leptospires in the 
urine is highest during the first four weeks after infection 
(often even higher than m cultures) Initially, the host 
develops interstitial nephritis Chronic carriers reveal scle 
rotic changes in the kidneys 

In natural conditions, rodents do not die of leptospirosis 
but their activity is somewhat reduced Infected animals 
become the victims of predatory birds more frequently than 
healthy ones 


Table 2 


Animal Reservoirs of Lep/osplroe jji the USSR 
(including animals attested as bosis by isolation and identification 
of pure leplospite cultures) 


Animal boat 

Leptospire species 

Teaturts ot d sease in animals 
epidemiological ImporUtnca 

Cattle 

L grippo typhosa 
L pomona L ta 
rassowi 

Normally assumes severe 
course with high lethality 
Widespread in southern 
and eastern regions Con 
valesccnt animals may ho 
source of infection for man 

Pigs 

L pomona 

Disease most]} luenl occurs 
on farms mostly due to 
violations of sanitar> and 
veterinary rules Reservoir 
animals are source of bu 
man lurcctien 

Dogs 

L eanlcola 

Course acute or chronic 
Cases of human infection 
described In Pnmorj'C ter 
titor> and Sakhalin 


13-1549 
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tvcrtraplre sptcics 


Common shrcv, 
(Sorez araneu^) 


\ uropcin Iicdgclicig 
{I rlnteeitt euro 

patuj) 

I ong-cirod licdcc 
I104J (Lrinoeeut 
aur(tus\ 

B'lck polecat (Pu 
toWiii putorlui) 


Grc> nt (Uatlus 

/CZifglCUi) 


Dmk ^olc (Clflh 
rj onomy* glcrec' <j) 


FicIJ in ni«o (Ago 
detnus agrarlu':) 


L gomona 


L grippo tjfjJ osa 
L pomona 


L foi, L grippe- 
typ) o«a 


L erlnaeeleuropael, 
L 'crtx 


L ennacel euntl 


L grippo typho*a 


L letenhaemorrha 
giae L tan^co’a 
L pemona 


I grlppotygJio^a 


L grlppe-typlo a 
L potnona 


Ot3ser\td on fox farm'? coure 
acute \vitb liigh lcthalit\ 

I pidcraloloffic jtTipoftifice 
nol established 
Course cither acute (lO-CO 
per cent of ciics Icllinl) or 
latent Ca^cs of human in* 
fcction from aiitnnis mi 
known 

Incidence ostiMiihcd in cen 
tral regions, Altai and 
Sl'i\ropol tcrnlOTies, Kiz 
akhstan Cases of human 
infection unknown 
Carriers discosTrcd in 'fas* 
covi and ^aroslaal regions 
1 pidrmioIogJC mportano- 
not clear 

Considerable incidtncc of in 
feclion In Staaropol torn 
(or^ n/icfc human ca«es 
are also on record 
Leptospires isolated from 
kidncj-s of iwlecal caught 
in a natural focus of lep 
tospirosis CVaroslail n 
gion) 

More or less hieh Incidence 
pslablisbod i» Mrsco'a, 
Kic%, Leningrad and olh 
cr cities Mam "ourco of 
iclerohacmorrliagic lepto 
spirosis On Sakhalin and 
in one of Uto central r' 
gions rats ha\a? been found 
to carrj L canfeo/a 
Bclati\-el> low incidence re- 
corded in central and we<t 
ern regions 

Ixplospire carriers rt'eilo'l 
in Kalinin and ^arrwhal 
regions slavrojK)! lern'o 
rj, Ij*ningfa 1 rt-gioii, 
B}-c{orus3ia 
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(Continued} 


Animal host 


Root \oIq (Wicro 
ft<s oecononius) 


Common \ole 
{^Ilcrotus arcalis) 


Busli \o]e 
(Microtus majori) 

Water rat (/Iriicok 
ierrestm) 

Forest mouse (Apo 
demus sHiaticus) 

Haitcst mouse 
(Wtcremi/s miau 
tus) 


eastern ^ole (1/ie 
rotus fortls peUl‘ 
ceus) 

Domestic mouse 
(W«s muscufus) 


Common field ^ole 
(/t/irrotus agresli$) 

Narrow skulled 
1 olo (Stenocrani 
us gregalii) 
Common lia rosier 
(Crlcetus crlcetus) 
Largo gerLil {Rhom 
l/omiis optmus) 

Tamansc gcrlnl 
{Merlones tamari- 
selmis) 


Lcrtosplre species 


realurcs of disease In animals 
epidcmioloslcal importance 


L grlppo typhosd, 
L nero (saxkoe 
btng) L sorex 


L grlppo typhosa, 
L pomom L ba 
faiiac 


L pemona 
L grlppo typhosa 
L grtppolyphosa 
L batailae 


L nero {saxkoebtng), 
L hebdomadts 
h grippotyphosa 
L pomona, Icpto 
spires of llie i/e6 
domadis group 

L grippo typhosa 


L grippotyphosa 


One of the chief reservoirs 
of infection in the ceu* 
tral regions (Moscow, \a 
roslavi, Smolensk), Altai 
territory and North Ka 
rakltstan 

Along with other voles, 
principal reservoir of infec 
tlon in individual regions 
I of European and Asian 
I USSR 

Leptospire strains isolated 
from animals in Sta%ropol 
territory 

lofec'ed animals revealed in 
central regions and Bjelo 
russia 

Infected animals found in 
I central regions, Stavropol 

I territory and Byelorussia 

Carriers found in \ aroslavl 
region, Altai territory, 

North Kazakhstan, Byolo 
russia Human infection 

recorded in Byelorussia 
Reservoirs found only in Pri« 
rooryc territory 

[> pomona revealed in Lenin* 
grad region, L hebdomadts 
— in ALmolinsk reg , Stav- 
ropol territory 
fnfcctcd animals found in 
Gorno Mtaisk autonomous 
region and Moscow region 
Reservoirs in Altai foothills 


L grippotyphosa 

L kasaehstarilea I, 
L kosacAsfantca 
II 

Ditto 


Carriers found among ham 
slcrs in the same region 
Regarded as a polcnlnl res 
ervoir m Southern Kazakh 
stall 
Ditto 
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natural FOCAUTV 


Each serotjT)e of the leptospires pathogenic to man is 
linked with a definite group of animal hosts, the importance 
of different species of which in maintaining and disseminat- 
ing the disease is unequal 

According to our own findings and available literature, 
the hosts of Leptospira gnppo typhosa m the central 
regions of the Soviet Union may be root voles, \sater rats, 
common voles, bank voles, forest mice and field mice 
Among these, as regards incidence of infection, number and 
ecologic proper ties conducive to the infection of man, root 
voles, common voles and water rats stand foremost The 
reservoirs of the pathogen of so called Nero leptospirosis 
(Hebdomadjs group) are root voles and reed voles Har- 
vest mice are the reservoir of L batavia As commonly 
known, this species of rodents is the reservoir of L batavia 
in other European countries as well Grey rats are a 
reservoir of icterohemorrhagic leptospires on all five con- 
tinents 

Depending on the habitat distribution of species of 
Muridae acting as reservoirs of individual types of pathogen- 
ic leptospires, the respective leptospiroses may be more 
or less permanently associated cither with wild nature or 
territories inhabited and cultivated by man The specific 
natural characteristics of the foci of water fever — the 
leptospirosis most widespread m the Soviet Union — are 
conditioned by the fact that the reservoirs of Leptospira 
gnppo typhosa — the pathogen of this disease — arc root 
voles, water rats, forest mice and bank voles, which inhabit 
uncultivated or undercultivated places like swamps, 
floodlands and forests 

Grey or common voles generally inhabit cultivated areas 
(sown fields, meadows) Their ecology and biology stand m 
direct relationship with the economic activity of man The 
foci of water fever, m whose formation these reservoirs 
of L gnppo typhosa act thepnncipal part, bear all signs of 
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anthropogenic influence (eg, harvest-time outbreaks of 
water fever in Germany) 

Grey rats, hosts of icterohaemorrhagic leptospires, live 
both in nature and, more preferably, in human domiciles 
and services Hence, cases of infection with Vasilyev-Weil’s 
disease are more often registered in settlements than in 
nature The penetration and reproduction of harvest mice 
lies at the root of Batavia-type outbreaks among rice work- 
ers in Italy. 

The maintenance of natural foci of leptospirosis is en- 
sured by the continuity of the epizootic process among 
Mundae Such continuity, being based on the chronic 
character of the disease m rodents, which promotes the 
mterseasonal maintenance of pathogenic leptospires in the 
rodent population, is dependent likewise on the routes of 
pathogen transmission associated with the biology and 
ecology of the reservoir and environmental factors of 
climate, geography, terrain and meteorology 

The basic routes of transmission are through contact and 
water Of somewhat lesser importance is infection through 
food The portal of entry may be damaged skin and oral, 
nasal, conjunctival or genital mucosa Certain importance 
should be attributed to copulation, since m natural environ- 
ments, this form of contact is most common dunng periods 
of rodent population growth, and the route of the 
pathogen’s passage from animal to animal shortest 

Intrauterine infection of progeny by parent rodents has 
not been revealed and is of no practical importance Like- 
wise unestablished is the participation of arthropods — 
specific and non specific rodent parasites — in the circula- 
tion of infection in natural foci 

In the central zone of the European USSR the inter- 
seasonal epizootic dynamics of leptospirosis among root 
voles are irregular According to observations of voles in 
a floodland focus near lake Nero (V V Ananyin and 
E V Karasyova, 1950-1954) these dynamics, in their rela- 
tion to the conditions of transmission, appear as follows 
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In the winter months the mcidence of the infection among 
animals stays at minimum, since transmission through 
water is null, contact and food transmission being restricted 
(lower populations, almost complete stoppage of reproduc- 
tion). Early in spring, due to flood waters and concentration 
in survival habitats, as well as the onset of mating, direct 
and indirect contact increases along with the mcidence of 
leptospirosis. As the waters recede and the animals disperse 
among their natural habitats, copulation, and hence, sexual 
contact, become more frequent. The reproduction of the 
animals provides for the appearance of more and more 
generations susceptible to infection, with the resultant 
increase in density of population. In summer and carl}' 
autumn (July-September) the population of rodents as well 
as direct and indirect contact between them, is at its height 
and the rate of leptospire infection among voles, therefore, 
is greatest. Abundant rains enhance infection through 
water, moist soil, and green food contaminated with the 
urine of pathogen-carriers. Late in autumn (October-No* 
vember) the reproduction rate diminishes together with the 
population, which is followed by an increase in the number 
of post-convalescents unsusceptible to repeated infection. 
The epizootic approaches its minimum. A small percentage 
of the animals infected during spring and summer survives 
the entire winter, still remaining leptospirc-carriers. In 
spring these animals are liable to cause a new uprise in the 
epizootic. 

The boundaries of a focus are determined by topographic 
conditions conducive to the life of infection-carrying 
rodents. 

The organisation of preventive sanitation in the natural 
foci of leptospirosis, as in other foci, require.s an a-ssa}’ of 
the latter’s structure. With this view, the following factors 
are estimated: (I) nomenclature of primar>' and secondary 
hosts among wild and domestic animals; (2) dynamics of 
the epizootic process among the principal host populations 
(in relation to habitat distribution, age and sox of animals, 
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meteorologic and other factors), (3) seasonal changes in 
the terntonal location of natural foci 
Infection earners are revealed m the foci with the aid 
of epidemiological data, viz , an approximate estimate is 
taken of the sites of human infection (e g , boggy hayfields, 
bathing-pools, drainage and harvesting areas, etc ), making 
sample surveys of the local rodents for leptospire infection 
In absence of epidemiologic indications a fairly good land- 
mark are certain habitats populated by small rodents, 
which have frequently been found to harbour infection m 
earlier investigated foci, such habitats including damp, 
swampy areas of river floodlands, lake shores, hollows, etc 
For example, animals infected with L gnppo typhosa and 
other pathogens of non icteric leptospiroses, were revealed 
in swamps and along the banks of lakes, rivers, old river- 
beds, etc , m already explored foci of the Moscow, Yaro 
slavl, Smolensk and Akmohnsk regions, Altai territory and 
elsewhere The animals included representatives of the 
genus Microtus, harvest mice (Micromys mmutus) bank 
voles (Cfethrionomys gtareofus), water rats (Arvicolo ter- 
restns) In the Yaroslavl region root voles (Microtus 
occonomus) infected with leptospires were caught only in 
reed thickets, among grass grown hummocks, in wet scrub 
and other habitats of a lake basin (V V Ananyin and 
E V Karasyova, 1953) In Northern Kazakhstan infected 
root voles and domestic mice (Mus mwsculus) were caught 
among the reeds near fresh water steppeland lakes 
(V V Ananyin and E V Karasyova, 1956) In the Primorye 
territory infected reed voles were met m hummocky 
swamps (V A Eskm, N N Isofatenko, 1952, et al) 
Certain importance may be ascribed to the alkalinity and 
salt content of the water As is known, leptospires can 
not survive in water with a high salt content For this rea- 
son, no natural foci of leptospiroses have been discovered 
on sphagnum and peat bogs (where the water has an acid 
reaction), or along the banks of saline reservoirs which lack 
the conditions necessary for transmission through water 
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The animals are caught in order to assay the incidence of 
infection, population numbers and habitat distribution, 
which is indispensable for a complete appraisal of the focus 
in question. 

Population counts may be either relative or absolute. The 
former are carried out by means of spring-traps, wire cages 
and ditches. Absolute counts may be effected by marking 
the animals. 

Best suited for the purpose are medium-sized spring- 
traps and wire cage-traps, the cage in which may be made 
of a common preserve can. The cage is intended to protect 
the trapped animals from bad weather and hunger until 
they are extracted, for which the cage is provided with a 
supply of food and straw lining. The traps are baited with 
combination bait consisting of bits of rye bread crust 
dipped into sunflower oil and slices of carrot. Such bait will 
prove attractive both for grass-eating voles and seed- 
eating mice. 

The traps are set In rows of 100 with 7 metre intervals 
between traps. The rows are distributed as regularly as 
possible among all habitats under survey, moist areas being 
given priority. The traps are set in the afternoon, and 
checked and removed early in the morning (in the temper- 
ate zone, not later than 6-7 a.m. during the warm season). 
The mean number of animals caught in a night per 100 
traps (trapping percentage), is assumed as an index of the 
relative population of small mammals. This method affords 
an estimate of animal population changes in time and the 
simultaneous level of animal population in different 
habitats. 

Traps, even combination baited, are not equally effective 
for different species. For example, shrews, birch-mlcc and 
certain other species are seldom caught by this method. 
Therefore, to achieve the greatest possible accuracy in 
counting the small mammals populating the foci, use is 
made of ditches. The latter are dug spade-deep, spade-wide, 
and 20 m long, with smooth sides. Each should be furnished 
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with 3 tin cylinders 60 cm high and 30 to 35 cm in dia 
which are dug into the bottom at equal distances (8 to 
10 m) from one another The upper rim of the cylinder 
should closely fit between the walls of the ditch The 
ditches are inspected daily, not later than 6 or 7 a m The 
mean number of animals caught in 10 days per ditch pres- 
ents a relative index of the population of a given habitat, 
as counted by the method described The ditches require 
regular care, i e , they should be systematically cleared of 
accidentally occurring insects, frogs, etc, and the walls 
prevented from crumbling, and so on 
Absolute counts provide more accurate data, permitting 
estimates of the number of animals per unit of area In the 
natural foci of leptospirosis, where the infected animals 
live on damp, swampy terrain and thereby render counts 
by means of wholesale trapping (excavation of burrows) 
impracticable, the animal population is counted by mark- 
ing The procedure involved is as follows Wire cage traps 
are staggered over an area of 1 or 2 hectares with 1 0 me 
tre intervals between traps ITie devices are inspected 
twice a day Captured animals are marked by cutting off 
their toes in different combinations (digital numeration) and 
set free at the site of capture Subsequent repeated catches 
of marked animals make it possible to determine the num 
her of permanent animal inhabitants m the area under sur- 
vey, 1 e , the absolute animal population 
The dead and living animals obtained for laboratory 
study are delivered separately All specimens extracted 
from spring traps, ditches, etc, are placed into special 
bags, one per bag, accompanied by labels giving date, brief 
description of habitat, place of capture and name of collec- 
tor Live animals caught m snares are placed m special 
cages with separate numbered cells provided with doors 
Each animal is put into a separate cell The labels are filled 
m the same manner as for dead animals, except for the 
number of the respective cell 
In dead animals apart from specific identification, the 
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zoological investigations conducted prior to autopsy and 
bacteriological study should include measurements of the 
length of the body from the tip of the snout to the root of 
the tail with an accuracy of \ mm, and weighing (accuracy 
up to 1 gr), %vhich is necessary for determining the ro- 
dent’s age. After autopsy and bacteriological tests the con- 
dition of the genital organs is surveyed to determine the 
reproductive activity of the given specimens. In males, the 
length of testis and seminal vesicles is measured to deter- 
mine the occurrence or non-occurrence of spermatogenesis. 
In doubtful cases microscopy of smears obtained from sem- 
inal adnexa (for spermatogenesis) should be resorted to. 
In females, maturity is established by the status of the 
uterus and ovaries. 

In pregnant females, an estimate is made of the number 
and size of the embryos, and m those who have had off- 
spring— the occurrence of lactation, counting the number 
of placentary spots on the uterus (an index of the number 
of previous litters and littered young). 

For more precise age estimates, skull series are collect- 
ed. Assessments of age and reproductive activity are im- 
portant for drawing correct conclusions on the conditions 
of the development of the epizootic process among the ro- 
dent population. As is known, leptospirosis chiefly af- 
fects mature animals, the possibility of infection increas- 
ing with age. In our own investigations conducted in the 
Yaroslavl region, there were no infected specimens among 
young root voles up to 1.5 months old, miscellaneous cases 
occurring at 1.5-2 months, and more than half the voles 
from 2.5 to 4 months old being infected, while as regards 
animals over 8 months old, the absolute majority were in- 
v'oJved in the epizootic. 

The age composition of an animal population varies an- 
nually. For some years in autumn it may include a consid- 
erable percentage of rodents surviving from the previous 
winter, while for others the entire population may consist 
of animals borne the same year. In the former case, accord- 
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ingly, the rate of the epizootic among the rodent popula- 
tion JS higher than in the latter. 

By confronting the age composition and rate of repro 
duction with data on number and habitat distribution, a 
long-term population forecast may be made, e g , in spring 
for autumn, and in autumn for the spring of the next year, 
which is obviously important for the organisation of anti- 
epizootic and anti-epidemic campaigns, since the morbidity 
rate of an epizootic of leptospirosis depends on the density 
of the given rodent population The higher the latter, the 
greater the possibility of healthy specimens being directly 
infected by eliminators of leptospires (through copulation, 
residence in common burrows, etc ), and through food and 
water contaminated by urine of infected animals 

Apart from number and age composition, the rate of an 
epizootic among a rodent population depends on the 
amount of sediments, greater sediments m summer mostly 
being accompanied by higher morbidity, since water, as is 
known, presents one of the principal routes of transmis- 
sion By confronting these three factors, a more or less ac- 
curate forecast may be made of the rate of the epizootic for 
the forthcoming season or year, which to a certain extent 
permits epidemiologic prognosis as well 

TECHNIQUE OF INVESTIGATIONS FOIt IXPTOSPIROSIS 
INFECTION IN tVILD ANIMALS 

Among the methods employed are (1) dark-field micro- 
scopy of saline suspensions of crushed organic tissues (kid- 
neys, liver) and urme, (2) microscopy of histologically pre- 
pared kidney and liver sections (silver impregnation), prior 
to histological treatment, the preparations are kept m 10 
per cent formalin, (3^ inoculation of material under test 
into special culture media (Vcrvoort-Wolf’s, Fletcher’s, 
etc), during expeditions, when working in impromptu la- 
boratories, it IS important to have a store of media con- 
tained not in conventional bacteriological test lubes, but 



in ampules which are opened before and soldered after in- 
oculation; (4) infection of laboratory animals with suspen- 
sions of the organs of animals under study; (5) serologic 
(agglutination-lysis) tests for antibodies active against 
pathogenic leptospires. 

The above methods have been attested in application to 
studies of leptospire infection in wild rats, the literature 
on the subject being sufficient for assaying the advantages 
and shortcomings of each. 

Some of the technical details of investigations for lep- 
tospire infection employed by ourselves require special 
consideration, as somewhat differing from the routine. 

The carcasses of animals (those caught alive should be 
killed) are secured on the autopsy table. The pelt is treat- 
ed with alcohol and seared (we, personally, do not resort 
to disinfectants like Jysol for fear of accidental contami- 
nation of investigated material). The instruments for au- 
topsy (scissors, tweezers, etc.) are placed before use into 
96® alcohol and burned in the flame of a spirit-burner di- 
rectly prior to operation. The pelt on the abdomen and 
thorax is separated and folded aside. 

With sterile instruments, an opening is made first in 
the abdominal, then thoracic cavities, removing the liver 
and kidneys and placing them in sterile cups. With the aid 
of a Pasteur pipette, 2 or 4 drops of blood are taken from 
the heart, each drop being separately applied to a piece of 
filter-paper and conserved by 2 or 3 hours drying at room 
temperature for use in serologic tests. In cases when the 
pipette is of no avail, we resort to dissection of the cardi- 
ac cavity. 

In contrast to certain authors (A. A. Varfolomeyeva, 
y. L TersJdkhX who recommend preliminary crushing of 
material for primary culture and microscopy in porcelain 
cups, we find this procedure not only too complex for mass 
investigations on rodents, but also quite unsatisfactory for 
a number of reasons. (1) Crushing may often lead to con- 
tamination with alien microflora, (2) Due to the presence 



of leptospires in the organ and the respective antibodies 
m the blood, crushing leads to swift contact between the 
aforesaid, which, as we have often observed, unfavourably 
tells on the results of microscopy and culturing, owing to 
the accompanying agglutination lysis reaction (3) Within 
the kidneys, as is known, the leptospires disseminate in the 
upper, cortical layer, whence culturing and microscopy of 
tissue suspensions made of the entire organ are unadvis- 
able With this m mind, we prepare cultures not from sus 
pensions, but from pieces of tissue cut out by scissors, 
with due regard for sterility, from the surface of the kidney, 
1 e , the cortex The tissue samples thus obtained may then 
be extracted and inoculated with Pasteur pipettes 
The volume of tissue employed for culture should approx 
imate a millet gram, since, as we have found, large quan- 
tities of culturing material are not only unconducive to 
the growth of leptospires, but even hinder it owing to sub- 
sequent maceration of the organic tissues and changes m 
the mechanical and chemical properties of the media For 
dark field microscopy, a so called crushed drop prepara* 
tion IS made on a slide from a saline suspension of the 
organ The material for suspension is extracted from the 
cortex with a Pasteur pipette Whenever the bladder is 
filled with urme, the latter is also taken for culture and 
microscopy In cases when direct microscopy reveals lep 
tospires in an animal's kidneys, it is advisable to infect 
guinea pigs (subcutaneously) with a suspension of kidney 
tissue to estimate the pathogenicity and virulence of the 
microbes 

Leptospire strains may be extracted from material con- 
taminated by alien microflora by employing guinea pigs 
as live filters With this purpose, guinea pigs are inoculat- 
ed intraperitoneally with 1 5 to 2 ml of kidney suspension 
After fC to SC minutes, bfoorf is taken from the heart with 
sterile pipettes and inoculated into sterile cultural media, 
which m a few days will produce pure leptospire growths 
An advantage of the method is that the cultures include 
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only the leptospire containing blood of the guinea pig with 
out the initial kidney tissue of the animal under test, which 
may include antibodies hindering the growth of lepto 
spires 

To obtain pure leptospire cultures from carrier animals 
received dead (subjected to microbial seeding), resort ma> 
also be taken to laboratory bred wild rodents (young com 
mon hamsters and voles) putting them through microsco 
py and serologic tests for leptospire infection Ten to fif 
teen days later, the Iaborator> animals arc inoculated sub 
cutaneously with the materials (kidneys, urine) under test 
In positive cases, pure leptospire cultures may be isolated 
from the kidneys of the laboratory bred specimens 

The cultures are kept m a thermostat for at least 30 
days Every 5 days crushed drop samples are put to dirk- 
field microscopy for presence of leptospires If such are 
revealed, even in small quantities, the material is imme 
diately reinoculated into fresh media, subsequent rccul 
tunng being made not less than once m five da>s, since in 
many cases the primary specimens are e'ctremely capn 
cious, as It were, m culture on artificial media and require 
more care than museum strains until, so to speak, the> 
become fully adapted to the medium 

As mentioned earlier, when intended for serologic pur 
poses blood drops from the animals under study are dried 
on filter paper This conservation method, which is likewise 
employed for other diseases, was first tested in diagnosing 
leptospirosis by ourselves m collaboration with I I Niko 
layev in 1947-48 Agglutination l>sis is staged not later 
than a month after desiccation The first dilution comprises 
l/IO (2 drops of blood+18 drops of saline), or, m terms 
of serum, 1/20, then follow dilutions of 1/50, 1/100, 1/500, 
1/1,000, 1/10,000, 1/50,000 and 1/100 000 For ill sera 
under study, the agglutination lysis pilot test is staged onJj 
m the first two dilutions named (1/20 and 1/50) With pos 
itive results in these dilutions, the reaction is continued 
to serum titre For agglutination tests use is made of sc\ 
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en- to ten day-old sera of museum strains Including those 
known in the Soviet Union 

Investigations for leptospire infection should be made 
shortly after the animal’s death (24 to 72 hours, in sum- 
mer), since the onset of microbial seeding handicaps isola- 
tion of pure cultures and subsequently leads to the latter’s 
death and disappearance due to competition on the part 
of purogenic microbes Hence, for prompt treatment of 
material, the laboratory should be set up in the direct vi- 
cinity of the site of trapping Carcass investigation should 
be made, as a rule, within the first few hours, or at any 
rate, not later than 12 hours after the animals’ death m 
snares 

Identification of leptospire strains isolated from animals 
caught m nature is effected by the agglutination-lysis 
method Use should be made of museum strains CTable 1) 
The pathogenicity of the cultures for laboratory animals 
(guinea pigs weighing up to 100 200 grams) is determined 
as well 

The bacteriological findings are utilised in pinpointing 
the location of the focus m question With this purpose, 
discoveries of infected and of healthy animals are plotted 
on a large-scale map by means of symbols, each of which 
represents a separate animal The best for use are large- 
scale land survey maps, which are available, as a rule, on 
all collective and state farms. 

Mapping assists in rationalising exploration of infection 
reservoirs m nature Maps give a vivid idea of the distri- 
bution of an epizootic over an area, and in the case of 
operations covering several months, permit an estimate of 
seasonal changes m the size of the area affected by lepto- 
spirosis In this way it is possible to establish the season 
when the leptospirosjs-afflicted area is of minmum size, 
i e , when the infected animals concentrate in so called 
elementary foci (N. P. Naumov) Such seasonal changes 
in focal area may vary broadly, as observed, for example, 
on the banks of lake Nero (Yaroslavl region) by V. V. Ana- 
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nyin and E V. Karasyova m 1954, arid may compose from 
20 hectares in spring to 800 hectares in summer, the ele 
mentary foci in the penod of decline of the epizootic, i e , 
early in spnng, presenting definite limited areas distin- 
guished by increased density of Mictotus occonomus pop- 
ulation In various landscapes and climatic zones, elemen- 
tary foci may reveal certain distinctions as to time of 
formation and distnbution over the area An exact estimate 
of the time of formation of elementary foci and the area 
they cover is essential for control campaigns The accom- 
plishment of the latter precludes the spread of an epizootic 
to larger areas, thereby preventing outbreaks among people 
and agricultural animals 

Control campaijms m natural foci may be effected by 
use of baits poisoned with zinc phosphide The lethal doses 
are established for every rodent species individually, the 
complete lethal dose comprising Z mg for root voles 
(E V, Karasyova, E V Narskaya, D s Osherova, 1958), 
12 mg for water rats (V V Kucheruk et al , 1935), 20 mg 
for susliks (N A Nikitmaetal , 1955), etc 

It IS highly important that the chosen bait should be 
sufficiently attractive for animals of the given species A 
particularly good bait are wild plants, which are readily 
eaten by animals, e g , the roots of reeds and other vater- 
plants, as m the case of water rats (V v Kucheruk et al ) 
In common practice, the most extensive use is made of 
root crops and the seed of cultivated plants In particular, 
m foci of non icteric leptospirosis, whose mam reseivoir 
are root voles, control campaigns may be effected v.ith 
the use of carrot bait (E V. Karasyova, E V. Narskaja, 

V V Ananyin, 1954) TTie recipe of the mentioned poison 
bait is as follows 100 gr carrot, 1 gr zme phosphide, 2 gr 
vegetable oil Vegetable oil is used for applying the poison 
to the bait The carrots are cut into 1 gram slices, their 
amount being calculated in accordance with the total 
amount of poison One slice of carrot should hold 10 mg of 
zinc phosphide, or 5 lethal doses With lower concentration 
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of the poison not all animals swallowing the bait will die 
since part of the bait may remain uneaten, or the poison 
be partly removed by the animals paws, etc On the other 
hand with larger concentrations, the bait proves less at 
tractive for animals 

The amount of bait to be used m campaigns per unit of 
area is determined by the density of the animal population 
m the given focus and the mean area of an animal s mdivid 
ual beat, i e , the size of the area which it inhabits The 
population density and individual habitation area may be 
estimated by marking (see above) The bait should be dis 
tnbuted m such a way that no less than 4 or 5 pieces occur 
on each individual plot With a mean density of 25 root 
voles per hectare 1 5 kg of poisoned bait will be required 
for a campaign In practice, the poisoning of an area is 
effected by workers moving m a row at 10 metre intervals 
from one another, laying 2 pieces of bait after every 2 or 
3 metres Population counts should be made before and 
after the campaign to check its efficiency 

The first attempt at using this method m a focus of 
leptospirosis near lake Nero (Yaroslavl region E V Ka 
rasyova et al , 1954), gave heartening results The root vole 
population in an elementary focus was completely de 
stroyed, the rate of the epizootic, as compared with con 
trols falling fivefold throughout the focal area and the 
effects continuing all through the epizootic season (from 
May to September incl ) 

In recent years, commumcalions have been published on 
the incidence of leptospirosis among Insectivora Reser 
voirs have been revealed among common shrews, long 
eared hedgehogs (L ermacci auriti) European hedgehogs 
(L ennacei europaei) and water shrews (leptospires of 
the L poi L sorex type) The epidemiological importance 
of leptospirosis m Insectivora is not sufficiently clear 
Cases of infection with leptospires of the L grippo £y 
phosa type have been revealed in polecats and certain oth 
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ers. Also on record are high-lethal outbreaks caused by 
L. pomona among silver and arctic foxes on pelt farms. 
The epidemiologic importance of both wild and cultivated 
carnivora (foxes) is apparently not high. 

As regards commensates, most important epidemiolog- 
ically are leptospiroses of agricultural animals, chiefly cat- 
tle. The first to describe leptospirosis in cattle as a disease 
sui generis were S. N. Nikolsky, F. M. Desyatov and G. F. 
Marchenko (1935). In the Northern Caucasus these authors 
observed cattle diseases marked by jaundice and hematu- 
ria, which gave them reason to call it icterohaemoglobi- 
nuria. On the basis of detailed investigations on the course 
of the disease, as well as pathologo-anatomical, histologi- 
cal and epidemiological data, they concluded that, until its 
etiology is finally established, icterohaemoglobinuria should 
be regarded as a separate nosological entity. In 1939 the 
leptospirose etiology of the latter was established beyond 
doubt by V. I. Terskikh, M. V. Zemskov, S. Y. Kreutzer and 
Z. A. Roshchina, who succeeded in isolating pathogenic 
leptosplre cultures from the blood of diseased animals. As 
demonstrated later, these cattle diseases are caused by the 
same species of leptospires as In man, i.e., by L. grippo- 
typhosa, L. pomona, L. tarossowi (L. mitis) and, less fre- 
quently, by other species. 

Our literature contains sufficiently detailed descriptions 
of the respective clinical picture, pathologic anatomy and 
histology. Suggestions have been put forward as to the 
sources and routes of dissemination of the infection, and 
measures have been proposed and carried out for its con- 
trol. The clinical course of the disease in typical cases is 
sjjXficJenUy characteristic: short-term temperature rises 
(for 1-3 days) up to 40* or 4rC, mental depression, rejec- 
tion of food, and frequently conjunctivitis. Simultaneously 
with the decline in temperature, the skin and visible mu- 
cous membranes become jaundiced, the urine acquiring a 
dark-re5 colouring. Most vividly manifest are jaundice of 
the sclera, udder, internal surface of the ear and other hair- 


2W 



less areas of the skin, necrosis is observed on sections of 
the skin on the back, udder, ears and elsewhere Lactation 
falls and the milk acquires a yellowish colour, contammg 
admixtures of blood Lethality in icterohaemoglobinuna is 
quite high, especially in calves, comprising an average of 
30 to 35 per cent In cases with a favourable outcome, con 
valescence is prolonged, often for many months due to de 
veloping cachexia, which frequently leads to inevitable 
slaughter According to I A Dukalov, the disease may 
also assume subacute, atypical and chronic forms V N 
Terskikh reports having observed leptospirose infection 
without any visible manifestations 

Icterohaemoglobmuna, first recognised in the North Cau- 
casus, proved to be a rather widespread infection m the 
south and east of our country In the central and northern 
regions of the Soviet Union it is met considerably rarer 
Cattle leptospirosis is also recorded m the U S A , and 
West-European countries like Switzerland, Germany, 
Bulgaria, Rumania and others, as well as Israel and 
Australia 

It has been established that m animals recovering after 
icterohaemoglobmuna, the leptospircs may survive m the 
kidneys and be eliminated with the urine The duration and 
intensity of leptospiruria are not sufficiently investigated 
V I Terskikh succeeded in isolating leptospires from the 
kidneys of calves slaughtered 3 months after icterohaemo 
globinuria 

Icterohaemoglobmuna IS noted for its seasonal peaks The 
highest morbidity has been recorded in July-August Sep- 
tember, 1 e , the months when people likewise most fre 
quently contract the disease In contrast to the strict enough 
seasonal incidence of water fever and other leptospiroses 
in man a rather common occasion m epizootic foci are 
cases of icterohaemoglobmuna occurring in winter and 
spring (during stable maintenance) Infection may likewise 
occur throughout the year 
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Water is usually regarded as the main medium of trans 
mission of icterohaemoglobinuna, the source being lepto 
spire carrying agricultural animals \\hich contaminate their 
watering and bathing places with urine This fact accounts 
for the observed higher incidence of the disease at pastur- 
ing as compared with stable maintenance (S N Nikolsk>, 
F M Desyatov and G F Marchenko, I A Dukalov) Of 
greatest epidemiological importance m this regard is the 
watering of cattle m small stagnant ponds, swamps and 
shallow ‘ rotten rivers of the steppeland belt In settlements 
located along large river courses, i e , near running water, 
the disease is practically non existent At stable mamte 
nance when animals are m close touch with each other 
transmission may be effected at contact between an am 
mal s face or other part of the body and the urine of an 
eliminator of leptospires 

Owing to the fact that leptospirosis m agricultural ani 
mals is observed to precede or coincide with outbreaks of 
water fever among people convalescent animals are usual 
ly regarded as a source of infection However, although 
admitting the considerable importance of cattle and other 
agricultural animals in the dissemination of leptospiroses 
among people, the part played by natural foci of the in 
fection should not be underrated either 

Epizootic outbreaks of cattle leptospirosis unassociated 
with natural foci are possible when animals from stricken 
farms are admitted into healthy herds m direct violation 
of sanitary and veterinary rules The duration of such epi 
zootics in foci of anthropurgic character is directly dc 
pendent on the promptness of control It is well known 
that the first ceses of jcterohaemoglDbieurn do hitherto 
satisfactory farms are registered after transferring the 
cattle from stables to pastures which m southern regions 
takes place in February March In foci of the disease cat 
tie may be infected primarily, by lepiospire cany mg ro 
dents which contaminate the reservoirs employed fo" wa 
tenng and bathing cattle The existence of natural foci 
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may serve to explain the maintenance of the infection in 
interepidemic and interepizootic periods 
The incidence of the respective natural foci has been 
established in a number of regions where leptospirosis oc- 
curs among cattle, in particular, the Stavropol, Krasnodar 
and Pnmorye territories and Kazakhstan Leptospirosis in 
pigs IS mostly caused by leptospires of the species L po- 
mona The clinical symptoms here are generally obscure, 
including slight temperature rises and gastroenterites Lep- 
tospires are eliminated with the urine from the beginning 
of the third week which sometimes continues for up to a 
year Foreign authors, eg, Kathe (1950), assert that the 
pomona infection in swine owes its maintenance exclu- 
sively to infection of healthy animals by diseased, or, m 
other words, that swine are the principal reservoir and 
rodents only a side branch of the infection chain 
The mentioned author, however, overlooks the high in- 
cidence of L pomona in grey rats and the latter’s exten- 
sive contacts with swine (contamination of food and litter 
m pigsties, devouring of dead rats by swme, etc ) There- 
fore, although It IS impossible to deny the liability of swine 
infecting one another, rats should be considered as the 
mam source of infection Outbreaks and sporadic cases 
were also described among people, who were associated 
with bathing m small reservoirs contaminated by infected 
swine Leptospirosis likewise occurs among other agricul- 
tural animals, e g , goats, sheep and horses, whose role in 
the epidemiology of the disease, however, is as yet not 
clear enough 

Among domestic animals, especially important as a 
source of infection are dogs The disease m the latter is 
most often caused by two species L camcola and L icte 
rohacmorrhogiae The infection may assume either a rela- 
tively mild or severe course, m the latter case with jaun- 
dice, hemorrhage and uremia Convalescent animals for a 
long time continue to eliminate leptospires with the urine, 
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thus being a potential source of infection for man. The haz- 
ard of contagion from dogs is especially grave for per- 
sonnel in dog-pounds and veterinary hospitals, as well as 
dog-tenders, owners of hunting dogs and pets. Leptospiro- 
sis most frequently occurs among strays, wherefore service 
dogs and pets should be prevented from associating with 
the former. In Indonesia leptospirosis has been recorded in 
cats. The causative agent in this case are two t>T)es: 
L. batavia and L. javanica. Cases of human contagion from 
pathogen-carrying cats are unknown. 

Control measures against leptospirosis comprise the fol- 
lowing: 

(1) protection of people against contagion by all avail- 
able means precluding direct or indirect contact with 
reservoirs as well as mass immunisation with preventive 
vaccines; 

(2) measures in the natural and anlhropurgic foci to elim- 
inate the very possibility of infection by total sterilisa- 
tion or destruction of the source. 

The first category of control includes prevention of con- 
tamination of public water reservoirs (wells, water-mains, 
etc.) and food by rodents and other potential leptospire- 
carriers. To preclude contamination of open reservoirs by 
cattle, it is advisable to install special water-troughs and to 
appoint special places for watering and bathing cattle (e.g.. 
on rivers — downstream from water-drawing places and 
human bathing sites). In foci of infection, the use of un- 
sterilised water for drinking should be prohibited. Water 
decontamination, as is known, is effected by boiling or 
chlorination, the chlorine doses for the purpose not exceed- 
ing those used in the case of enteric fever and other in- 
testinal diseases. Work in leptospirosis foci (ha>'makfng. 
drainage, etc.), may be conducted only with occupational 
safety precautions, e.g., the use of waterproof boots and 
gloves. Extremely important in this respect is the pre- 
vention of abrasions and cuts of the skin, which may serve 
as portals of entry of the infection. Extensive mechanisa- 

2H 



tionofha 5 miakjngand drainage are highly beneficial in pre- 
venting occupational diseases 
Certain importance may likewise be ascribed to selec- 
tive vaccination of sections of the population most exposed 
to leptospire infection (e g , herdsmen, milkmaids, vet- 
erinarians, slaughter-house workers, haymakers engaged 
on marshland, land reclamation and rat control personnel, 
bridge builders, water rat trappers, etc ) A particularly ef- 
fective measure is wholesale vaccination of cattle and other 
livestock in areas endemic for leptospirosis 
Measures of the second category, which are aimed at 
elimination of infection sources, include rat control, eradi- 
cation of leptospirosis among livestock, and swamp drain- 
age Rat control, as a means of sanitation in natural foci 
of the disease, is not sufficiently used m practice The basic 
recommendations for sanitation of the natural foci m ques- 
tion through destruction of rodents by poisoned bait, were 
presented earlier in this chapter (p 208) 

In anthropurgic foci, where the reservoirs of disease are 
agricultural animals, the principal sanitation measures are 
as follows (1) early diagnosis, (2) prompt isolation and 
treatment of diseased animals (eliminators being isolated 
until elimination ceases), (3) quarantines imposed on herds 
and flocks where cases of disease are recorded, (4) enforce- 
ment of necessary sanitary and veterinary precautions 
for stable and pasture maintenance 
Drainage of stricken regions is the most radical means 
of sanitation, not only disrupting the principal chain of 
transmission (rodent — water — ^man). but providing the pre- 
requisites for a drastic change m the environments of ro- 
dent reservoirs Drainage promotes the extermination of 
swamp vegetation, the mam source of food for moisture- 
lovipg rodents (root voles, water rats), which must inevita- 
bly lead to the numerical reduction and subsequent 
complete extinction of the respective animals on the area 
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TULAREMIA 


Detailed studies on the distribution, maintenance and 
epidemiological manifestations of natural foci of tularemia 
are essential for the prevention of this disease, which log- 
ically envisages sanitation of the foci Academician Y N 
Pavlovsky’s theory on the natural focality of diseases 
transmitted from animals to man, forms a sound theoret- 
ical basis for such studies Investigations on the natural 
foci of tularemia should be earned out with all due con- 
sideration for the economic influence of man (the social 
factor) In contrast to certain other diseases with natural 
foci, tularemia may exist despite the onset of agricultural 
development, irradiating into cultivated areas, and may 
even increase its effects when violations of agricultural 
standards are admitted 

GENERAL INFORIWATION 

Tularemia is a disease caused by bacteria of the species 
franciseha tufarensis McCoy et Chapin, transmitted to 
man by rodents, insects and ticks As classified by Y N 
Pavlovsky, tularemia belongs to the category of faculta- 
tive transmissible diseases with natural foci The causative 
agent was first isolated m 1911 m the U S A by McCoy and 
Chapin (McCoy & Chapin, 1912) while investigating a 
plague-like disease m gophers The authors named the 
microbe Bacterium lularcnsc after the district of Tulare, 
California on whose territory the diseased gophers were 
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revealed Later, when the disease was discovered to afflcct 
man, Francis (1921) proposed the term tularemia, based on 
the specific name of the causative agent In the U S S R , 
the microbe was first isolated in 1926 by S V Suvorov, 
A A Volfertz and M M Voronkova while investigating 
patients in the delta of the river Volga, near Astrakhan 

The causative agent presents a well defined microbe 
form with marked parasitic features Some authors refer 
the tularemia microbe to the genus Posteiirel/a, others to 
Brucella The considerable distinctions of the pathogen 
from representatives of both genera give reason to agree 
with the proposal of K. A Dorofeyev (1947) that the mi- 
crobe be placed into a special genus Froncisclfa 

American strains of the microbe differ from European 
and Asian types in their greater pathogenicity for latjora- 
tory animals (especially rabbits) and man, as well as cer- 
tain biochemical properties This indicates the existence 
of two geographic varieties of the microbe— American 
(New World or Nearctic) and Euroasiatic (Old World or 
Palaearctic) The Euroasiatic variety was recently nominat- 
ed Francisclla tularensts palacarctica, whereas the Amer- 
ican subspecies retains the original nomination of T tula- 
rensis tularensis (N G Olsufyev, O S Yemelyanova and 
T N Dunayeva, 1959) 

Tularemia m man represents a febrile disease of mfec- 
tional, allergic, and rarer, septic nature Usually, the dis- 
ease continues from two to three \\eeks, sometimes more, 
and in rare cases may produce relapses occurring m the 
course of several years Direct contact with tularemia 
patients does not lead to infection Apart from general 
symptoms like fever, headache, debility, etc , tularemia is 
noted for inflammation of the lymphatic nodes and adjoin- 
ing tissues (buboes), developing .locally at the site of the 
pathogen’s penetration into the body The lymphadenitis 
usually assumes a protracted form, and may be accompa- 
nied by suppuration of the inflamed lymphatic node (or 
nodes) 
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Clmlcal forms are distinguished by the site of the pri 
mary lesion, the following being known from practice 
ulcerous bubonic, bubonic, anginous bubonic, oculo bubon 
1C, intestinal and pulmonary or thoracic (G P Rudnev, 
B N Stradomsky, A A Volfertz, A F Bihbin, I R Dro- 
binsky, et al ) As regards duration, tularemia may be 
acute, protracted and relapsing, and, according to degree 
of seventy, mild, moderate and severe The most severe 
manifestations occur in the pulmonary form, while in the 
rest the course is moderate or mild Mean lethality m the 
USSR and Western Europe is below 0 5 per cent m con 
trast to the U S A and Canada, where, without treatment. 
It comprises from 5 to 6 per cent, which is associated with 
the higher virulence of the pathogen occurring m America 
Autopsy reveals necrotic foci m the spleen, liver, lungs 
and other organs 

Tularemia is marked by protracted recovery, with the 
possibility of remote relapses after various periods (up to 
a year and more) 

The disease is known m America, Europe and Asia with 
m the limits of the northern hemisphere, its incidence in 
Africa not being sufficiently proved Definite cases m the 
southern hemisphere are unknown 

NATURAL FOCI 

A natural focus of tularemia presents a biocenotic entity 
of complex structure, whose invariable components are the 
causative agent, vertebrate reservoirs and blood sucking 
arthropod vectors The infection may be disseminated 
among vertebrates not only by blood sucking arthropods, 
but by other routes as well, particularly through water 
and food 

Investigation on natural foci of tularemia should cover 
the following (1) characteristics of focal terrain (2) terio- 
logical features (specific assortment, number and distnbu 
tion of vertebrates) (3) parasitological characteristics 
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(species, number and occurrence of blood sucking arthro 
pods), (4) epizootological, and (5) epidemiological data 


Focal Terrain 

In contrast to the majority of diseases with natural foci, 
tularemia occurs on all types of terrain in every geograph* 
ic zone on the non alpine areas of the U S S R , including 
tundra, forest, forest-steppe, steppe, and desert, occasion- 
ally even penetrating into the mountains However, as re- 
gards conditions for the maintenance of natural foci of the 
disease, the different zones are not equivalent Optimum 
environments exist in the forest steppe, steppe, and partly, 
hardwoods, as well as river floodlands and deltas, lake 
shores and swamps Within a zone, the foci are associated 
with definite habitats or biotopes 

At the outset of investigations on a natural focus of 
tularemia a clear idea should be obtained of the topograph- 
ic features of the harbouring area An essential requisite 
IS a map of the locality, preferably with a scale of 1 200 000 
or 1 500,000 With the latter’s help, a survey of the area 
IS made, taking special note of local geomorphology and 
hydrography, the character and distribution of vegetation, 
etc Depending on the varieties of habitats (meadows, 
fields, woods, etc ) the area is divided into sections, these 
data being used for planning all further work m the focus 
Likewise, a brief geobotanical description of each habitat 
IS to be furnished 

At the nearest meteorological outpost, data are obtained, 
initially, on local climatic features, monthly meteorological 
reports being received in the course of subsequent work 
Terrain characteristics should likewise include data on 
local animal species These, however, being restricted to 
the limits required for analysis of the focus by the methods 
given below 
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Teriology 

In the USSR, spontaneous tularemia infection has beert 
revealed in 54 species of wild vertebrates including 32 ro- 
dents, 5 insectivores, 6 carnivores, 8 birds, 2 amphibians 
and 1 fish Besides that, tularemia has been recorded in 9 
species of domestic animals (Table 1) 

However, different species of animals show varying sus 
ceptibihty and sensitivity to tularemia infection, their im- 
portance in the circulation of the pathogen m nature differ- 
ing accordingly By the degree of their susceptibility and 
sensitivity to tularemia, modem authors divide vertebrates 
into three groups (N G Olsufyev and T N Dunayeva) 
The maintenance of natural foci of tularemia is restricted 
to a few widespread species of highly sensitive mammals 
(group I), eg, common voles, water rats, hares, domestic 
mice, hamsters, shrews, etc For these tularemia presents 
a severe septic infection, of which they usually die within 
5 to 12 days after contagion The organs and tissues (in- 
cluding the blood) of diseased and dead animals contain 
an enormous quantity of tularemic bacteria, which are re 
sponsible for the primary importance of these animals as 
sources of infection Some species of rodents and msecti 
vores, e g , susliks, marmots, grey and black rats, field mice, 
hedgehogs, etc , are low-sensitive to tularemia On receiv- 
ing infection, they usually fall ill, yet their importance as 
sources of infection is limited (group 11) 

Finally, m such animals as cats, foxes, polecats and 
others, even on receipt of massive doses of the pathogen, 
the disease may proceed without visible clinical manifesta- 
tions, whereas small doses are of no effect whatever (group 
III) The Importance of such animals as sources of infec- 
tion IS null 

For ungulates as well as birds and cold blooded verte- 
brates, the tularemia microbe is low pathogenic However, 
the importance of some of the aforesaid as sources of tula- 
remia infection is not clear and requires further investiga- 
tion 
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In natural foci of tularemia, sheep, cattle, swine anil 
other domestic animals may contract the disease, which 
however, assumes a mild course {mostly latent), whence 
they cannot maintain the circulation of the pathogen m 
natural foci Indirectly, however, they encourage it by 
serving as hosts for mature ticks, vectors of tularemia 

In the light of modem knowledge on the importance of 
different vertebrate species m the circulation of the tuh 
remia pathogen in foci, investigations m the latter 
should primarily be concentrated on the study of rodents 
and inseciivores The studies should reveal the specific 
assortment of the local fauna, listing each species and its 
percentage m the total animal population, and should estab 
lish the qualitative and quantitative distinctions in the pop 
ulation dynamics of the most widespread forms (ampli 
tude and timing of variations, etc ) Specific assortment and 
population data are collected separately for nil the differ- 
ent habitats comprising the area under survey 

Special emphasis in the studies should be laid on mass 
spread species of rodents and insectivores highly sensitive 
to tularemia (group I) The animals are captured by snares 
spring traps, cage traps, etc , set out in rows of 25 and 
more in the respective habitats (Fig 26) The population is 
estimated by the percentage of captures per night Espe 
cially effective means of capturing small animals arc ditches 
(Fig 27) furnished with metal cylinders from which the 
animals cannot escape 

Investigations on the population and distribution of am 
mals m their principal habitats arc conducted two or three 
times during the snowless season, providing the data for 
esfrmaCing mrnrencsif (hictaatfcns m the snimai pi?puh 
tion In regard to certain species of rodents, e g , common 
voles, these data may be obtained by counting burrows, 
determining (by excavation) the percentage of burrows in 
habited by rodents In winter, the population of Mundac 
may be assayed by overhauling hajxicks O^ig 28) and 
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Fg 26 Water rat caught m spring trap (N G Olsufyev) 



rig 27 Trap p ts for rodents and inseclnores (N G Olsufyev) 




Fig 29 Rodent autops> m lahoratorj 



chaffheaps in the fields, calculating the number of animals 
caught per cu m of substratum 

The obtained animals are subjected to autopsy and bac- 
teriological study (Fig 29), noting the age and germmant 
state of the specimens, the number of embryos in females, 
etc These studies are augmented by various other eco 
logic observations 

Carefully collected for a number of years, such informa- 
tion on the specific assortment, distribution and population 
dynamics of small mammals is highly important for draw 
mg epizootologic conclusions The data are plotted on 
maps, graphs, etc On the basis of collected materials, the 
area is divided into districts, noting the localities identical 
as to the dynamics of background species, drawing up 
draft forecasts on the expected population rates of epi- 
demiologically hazardous rodent species, etc 


Parasitology 

In rodents and other mammals, tularemia is mostly 
transmitted by blood sucking arthropods, in particular, 
ticks, lice, mosquitoes, and, to a smaller degree, fleas Of 
greatest importance as pathogen vectors are Ixodidae, and, 
to some extent, Gamosidac, in whose bodies the pathogen 
can reproduce and survive for long periods Due to that, 
ticks act as the principal reservoirs of tularemia m the 
natural foci of this disease In the USSR, spontaneous 
tularemic infection has been revealed m 45 species of 
blood sucking arthropods, including 14 Ixodidae, and 6 
Gamosidac, as well as 6 species of fleas, 10 mosquitoes, 
5 Tahamdae, etc (Table 2) Besides that, the tuhremia 
pathogen has been discovered in 13 species of non sangui 
vorous invertebrates (Tnchoptcra, Crustacea, MoUusca, 
etc), or so called hydrobionts, m which spontaneous in 
fection is usually associated with water contaminated by 
tularemia afflicted rodents 
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Surveys of tularemic foci should include evaluation of 
the specific nomenclature and population of the most wide 
spread groups of blood sucking arthropods, including the 
ectoparasites of wild rodents and Xnsectivora (ticks, fleas, 
lice) as well as freely existing forms attacking rodents and 
man (mosquitoes, horse flies, certain species of ticks and 
mites, etc) Ticks, fleas and lice are collected when in 
specting animals and their nests To prevent the escape of 
ectoparasites, immediately on capture, the animals are 
placed into cotton bags, firmly tying them with string 

Blook sucking Diptera and Ixodtdae are collected in the 
habitats of predominant concentration of mass spread 
species of rodents highly sensitive to tularemia (group I), 
which IS effected either by catching them free, or by collec 
tion from domestic animals Piiority is given to the study 
of Jxodidae whose larval and nymphal stages parasitise 
rodents and insectivores and blood sucking Diptera (horse 
flies and mosquitoes) as being the most important vectors 
of tularemia 

Ectoparasite population counts are conducted on animals 
and m burrows with all possible regularity, immediately 
on the receipt of material from the zoologist Population 
counts concerned with mature /xodidae parasitising do 
mestic animals are conducted once weekly, from the appear 
ance of the first ticks until their total disappearance Com 
monly, the ticks appear on cattle in spring, m the first week 
after the beginning of pasturing Collection on pastures is 
conducted by means of flags and accomplished as a one- 
stage operation, with the utmost expediency The season 
for collection is spring, the tick period of activity m na- 
ture Counts of blood sucking Diptera are made once m a 
decade throughout the warm season Mosquitoes are caught 
with conventional entomological nets, which are waved 
around the observer, the number of insects caught per one 
hundred strokes being taken as a unit 
Horse flies should be captured beside a horse or bullock 
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the counting unit being the number of insects caught per 
20 minutes 

The collected blood sucking arthropods are subjected to 
bacteriological study, leaving part of the specimens for 
sample displays, for which ticks, fleas and lice are placed 
m 70’ alcohol, mosquitoes and sandflies are stuck on pins, 
etc 

The annual fluctuations in the parasite population arc 
confronted with those of their hosts, weather changes, etc 

Epizootology 

In tularemia, as in the plague and certain other diseases 
with mtural foci, the motii'e power of the epizootic proc- 
ess are the population level and mobility of the rodents 
sensitive to the given disease and the arthropod vectors 
responsible for maintaining contact between the animals at 
the rate necessary for the development of the epizootic 
This process takes place m concrete environments by which 
it IS directly or indirectly influenced (Table 2) 

Widespread epizootics of tularemia are observed among 
rodents only when (he fatter s population is sufficiently 
high the higher the population, the greater the scope of the 
epizootic In years when the rodent population is low, the 
disease occurs only sporadically, or for some time rna> 
even completely disappear from the rodent population, 
surviving in ticks 

The spread of tularemia over an area is marked b> flue 
tuations connected with the seasonal and perennial changes 
of the rodent population In various types of foci, the sea 
sonal incidence and scope of epizootics may vary, depend 
mg, rirstl>, on the ecologic peculiarities of the local mass 
spread rodent species highl> sensitive to tularemia 
(group I), and, sccondl>, upon the routes of transmission 

Investigations on the epizootologic features of a natural 
focus should envisage the following (1) organisation of ex- 
peditions to locate the epizootic, (2) bacteriological stud> 
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of small mammals, blood sucking arthropods and samples of 
environmental objects obtained in the focal area under sur- 
vey, (3) determination of the virulence and other properties 
of tularemia strains isolated in the focus, (4) experimental 
assays of the susceptibility and mfectional sensitivity to 
tularemia of the wild vertebrates most common in the 
focus, (5) experimental evaluation of the ability of local 
blood sucking Diptera suspected as vectors to transmit and 
maintain the pathogen, (6) experimental research on other 
routes of transmission 

Detection of epizootics Sample collections intended for 
revealing epizootics of tularemia are made in a focus dur- 
ing planned teriologic and parasitologic surveys (see above) 
or specially organised campaigns The procedures employed 
are as follows 

(a) Capture of animals and collection of carcasses in 
localities with the highest animal populations at the dates 
most favourable for the development of epizootics, e g , 
for water rats — in spring and summer during floods, for 
mice and voles — in autumn, winter, and early m spring 
when they concentrate in hayricks and stacks, for rodents 
of many other species (voles, water rats, harvesters, etc ) 
— in July August at the time of mass infestment with ixo 
did ticks, etc 

(b) Collection of adult Ixodidae from pastures or cattle 
in areas with high populations of the rodents most sensi- 
tive to tularemia (group I) 

(c) Collection of mosquitoes, horse flies and other blood 
sucking Diptera on the sites of suspected epizootics 

(d) Regular obtainment of water-samples from sources 
arousing suspicions as to the presence of the tularemia 
pathogen 

(e) Correction of rodent nests, sampfe surveys of straw, 
chaff, etc , from stacks and neks in winter time liable to 
harbour epizootics of tularemia among rodents 

An important indication of the presence of a tularemia 
epizootic among rodents are reports on the discovery of 
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mouse Carcasses while threshing or transporting hay, tcsti 
monies of a murrain among water rats, musk rats, hares 
and other game rodents, receded from the population, 
hunters, pelt depot personnel, and reported cases of tula- 
remia among people 

When conducting special purpose surveys for the dis- 
covery of infection, the methods of capturing wild animals 
for bacteriological study should be as varied as possible 
to include, besides trapping and shooting (eg, of hares), 
excavation of burrows, ditch snaring, flooding, and over 
haul of stacks and neks Captured animals belonging to the 
group most sensitive to tularemia, such as water rats or 
voles, are preferably delivered alive for 15 day laboratory 
observations, which increases the >ield of positive results 
Likewise essential arc special searches for wild animal 
carcasses involving thorough examination of the terrain or 
overhauled ricks and stacks 

Systematic epizootological surveys of the focal area offer 
an idea of the regularities governing the circulation of the 
pathogen therein, which is important for epizootological 
prognosis, as well as preventive measures Prompt detec- 
tion of tularemia epizootics among rodents is vital for adopt- 
ing urgent anti epidemic measures among the population 

Bacteriological study The tularemia pathogen is referred 
to microorganisms of the first group, due to which its 
isolation and identification may be effected only on spe- 
cially equipped laboratory premises affiliated to the de- 
partments of high hazard diseases at regional (territorial) 
sanitary and epidemiological stations, anti phgue stations 
and research institutes, or in adequately fitted field hbo 
ratoTjes bj/ ^oeciallv Qualified personnel Delivery of the 
material (rodents, blood sucking arthropods etc ) for lab 
oratory bacteriological study is effected with all precau 
tions stipulated for work with high hazard diseases Sera 
logic studies for tularemia maj be conducted m any diag 
nostic laboratory 

Investigations for tularemia infection in \ertebnies 



blood-sucking arthropods or environmental objects are 
conducted mainly with the use of bacteriological methods 
such as inoculation mto live animals, culturing and bac- 
terioscopy Immunological techniques include precipita- 
tion tests, agglutination or allergy tests being comparative- 
ly seldom used for investigations on wild animals (espe 
cially rodents) 

When conducting tests for tularemia, the possibility of 
revealing other rodent diseases like erysipeloid, listerel- 
losis, pseudotuberculosis, salmonellosis, etc , should also 
be accounted for Isolation of the respective pathogens may 
be effected dunng bactenological studies for tularemia 

Bacferioscopy Owing to the minute dimensions of the 
tularemia microbe (0 3 to 0 5 ji), it may be detected with 
certainty only at abundant microbial seeding of the mate 
rial under study Bacterioscopy may be used in studying 
the organs and tissues of dead wild or laboratory animals, 
but m freshly-killed specimens it generally proves useless 
It IS likewise inapplicable for water, straw washings etc 

Smears are stained by the Romanowsky Giemsa method, 
which is best for the purpose, or by the Gram teclmique 
On stained organic preparations, the tularemia microbe 
appears as extremely minute cocci or cocco bacteria The 
organism evinces a marked tendency to clumping In ani- 
mals of the first group (voles, water rats, domestic mice, 
etc ) dying after tularemia, bacterioscopy of smears from 
the spleen, liver, blood, etc , reveal enormous concentra- 
tions of the microbe The tularemia pathogen is Gram- 
ncgativc, 1 e , stains pink, the Romanowsky Giemsa stain 
producing a deep violet In tissue staining, tularemia mi- 
crobes do not stain bipolarly, which distinguishes them 
from Pastcurella 

The amotmt af Citlecemtc bacCena ceveakd in organfc 
smear prints and blood smears, is recorded by the follow- 
ing scale (D A Golov and N G Olsufyev) continuous col- 
onies or numerous large groups of bacteria at each mow — 
IV points, numerous medium- and small sized groups at 




Fig SO TuiaremfC bacteria m bioocf of water rat killed by disease 
m nature Amount of bacteria— up to III points fty scale described 
m the text) (V. V. Kucheruk) 


each view — Ilf points; solitary bacteria and small groups at 
each view — II points; solitary specimens and small groups 
at some views — I point. 

By use of bacterioscopy (combined with precipitation) 
positive results may be obtained in as soon as two or three 
hours pending receipt. The obtained data, however, arc 
merely preliminary, since positive bactcrioscopic findings 
and precipitation tests must be checked by isolating the 
respective cultures. 

Culturing. This method is chiefly* used for isolating tula- 
remia cultures from the organs of received dead wild 
animals, os well as laboratory specimens either dead or 
killed after live-test experiments. The material used arc 
portions of the spleen, hver, hypertrophic lymphatic nodes, 
or blood. For Ixodidac this method is less fruitful owing to 
frequent contamination of the cultures with alien bacteria. 


21S 



It IS inadvisable to employ culturing for wild animals 
caught alive and revealing no marked pathological changes 
at autopsy The organs of such animals are subject only 
to biological study Water, soil, food washings, etc , are 
not tested by culturing due to contamination with alien 
bacteria, inhibiting the growth of the tularemia patho 
gen v/hich is a rather exacting microbe when cultured on 
artificial media Thus, for example, it refuses to grow on 
conventional meat peptone agar or broth The microbe may 
be cultivated on yolk media, while in agars it will repro- 
duce only with addition of cystine and other nutrients, 
especially blood Such fastidiousness towards culture me 
dia IS perhaps explained by limited choice or specialisa 
tion of ferments, due to which a number of substances, par- 
ticularly ammo acids (cystine) are utilised by the nucrobe 
only in "prepared” form 

The optimum growth temperature is 36" to 37"C The 
microbe is a strict aerobe Cultures are mostly obtained 
on curdled yolk media prepared after McCoy out of chicken 
egg yolks (60 per cent) and saline (40 per cent), which 
are poured into test tubes and curdled during an hour 
at 80" C At profuse inoculation, tularemic bacterial 
growths m such media appear as thin continuous, shin- 
ing efflorescences already after 18 to 24 hours of incuba- 
tion in a thermostat at 37" C, and m 2 or 3 days reach 
maximum 

When inoculated sparely, isolated colonies become notice- 
able after 3 to 5 days and more Curdled yolk media are 
used not only for culturing tularemia microbes from ani- 
mal organs but also in maintaining microbe cultures for 
museum and routine laboratory purposes, the microbes m 
such media being less apt to dissociate Reculturing is 
carried out every one and a half months, storing the cul 
tures on ice M S Drozhevkina (1945) proposed a liquid 
yolk medium (10 per cent yolk and 90 per cent sterile sa- 
line) for culturing tularemia microbes As regards sensi 
tivity, the aforesaid reveals no advantage over a properly 
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prepared McCoy medium, due to the formers intranspar 
ency, the presence of bacteria may only be detected b> 
reinoculation into the latter (T N Dunayeva and 0 S 
Emelyanova) 

Nor have blood media any advantage over curdled, yolk 
When culturing pieces of visceral tissue, especially by 
the so called print method, solitary bacteria will survive 
in yolk media as well 

When receiving fresh rodent carcasses (eg, in winter), 
Francisella cultures may be obtained m yolk media on the 
very next day 

Identification is made on the basis of a combination of 
the following indices (1) morphology and staining of bac- 
teria m smears (2) features of growth on curdled yolk 
media, (3) absence of growth on peptone agar and broth 
(4) agglutmation by specific serum up to own titre or up 
to half of the latter s, (5) pathogenicity for laboratory ani- 
mals (ability of the culture on test to cause death of white 
mice or guinea pigs on injection with organic changes typi 
cal of tularemia and subsequent isolation of pure cultures) 

Isolation of the culture (following identification) fur 
nishes data for the final conclusion 

In vivo tests are the most sensitive and reliable method 
of detecting tularemia m any material to be tested The 
test may be applied to the organs of dead or killed wild 
mammals, blood sucking arthropods water, washings from 
various substrata, etc The subjects are white mice and 
guinea pigs into which the material (suspended in saline) 
IS introduced subcutaneously or intraperitoneally The in 
fection IS lethal even when the suspension contains only 
solitary Francisella Bacterioscopy of blood and organic 
^caeaxs fcoox the. dead, mice reveals enormous oyantitics 
of the pathogen (up to III or IV points), whereas guinea 
pigs may prove negative Tularemic cultures from the 
spleen, lymphatic nodes, etc , of animals dying after the 
disease, especially white mice, are readily cultured on me 
dia If the latter fails, the test is repeated on a white mouse, 
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injecting a suspension from the spleen of the dead ani- 
mal Isolated cultures are identified by the indices al- 
ready mentioned 

Precipitation Generally used for animals dying of tu 
laremia The procedure is similar to Ascoh’s, a high(l 6,000 
to 1 8,000) titre agglutinative tularemia serum being used 
The crushed liver or spleen are suspended m saline, boiled 
for 15 to 20 minutes on a waterbath, filtered through as 
bestos wool, and, after adding serum, subjected to precip- 
itation Positive results are usually obtained with organs 
microscopically revealing large amounts of bacteria Hence, 
negative precipitation results do not prove the total ab 
sence of Froncisefia in the material tested A positive reac- 
tion must be confirmed by isolating tularemia pathogens 
from inoculated cultures and bactenoscopy In some cases 
the reaction may be non specific 

Agglutination In various species of animals, as also m 
man, the disease leads to the development m the blood of 
antibodies specific for F tularensis These antibodies may 
be revealed by agglutination 

Generally, the serum agglutination titres for wild am 
mals recovering from tularemia are not high, eg, 1 10 to 
I 20, seldom 1 80 and more m grey rats, 1 20 to 1 80 and 
more (up to 1 400) in susliks, 1 10 to 1 40 m hedgehogs, 
and even 1 5, as in the field mouse After two to three 
months the amount of agglutmines falls so drastically that 
they may not be detected 

To obtain the serum required for the test, wild animals 
are delivered to the laboratory alive, taking their blood 
from the heart under ether anaesthesia or during autopsy 
The test is staged only on large specimens of species m 
which tularemia xs commonly benign (groups II and III), 
eg, sushks, rais, hedgehogs, eats, foxes, etc 

Agglutination is done by volume, the initial dilution being 
1 5 The antigen used is the tularemia diagnosticum or 
a live virulent culture of the bacteria (preferably the lat- 
ter) Prior to mixing the antigen with the diluted serum, 
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the former is diluted to a concentration of 1,000 million 
microbe cells per ml, the subsequent procedure being as 
usual The results are considered positive if in one or sev- 
eral of the serum dilutions agglutination is follows ed by 
total or almost total clarification and the appearance of 
a dense sediment (agglufmane) which on shaking decom- 
poses into large flakes (Vi agglutination) If none of the 
dilutions produce clear agglutination (four or three plus) 
the result should be regarded as doubtful 

Allergy tests Wild animals delivered to the laboratory 
alive may be tested for tularemia by their allergic reac- 
tion This diagnostic method is practicable chiefly for reh- 
lively large animals, e g , susliks, marmots, etc , but inad- 
visable for Muridac 

Tests are effected with tularin containing 1,000 million 
microbe cells per ml, i e , ten times more than the usual 
preparation for subcutaneous injections The fur on the 
animal’s back or thigh is sheared off, and with a thin nee- 
dle 01 ml of the antigen is introduced strictly subcuta- 
neously The results are evaluated first after 24 hours, and 
finally, after 48 In positive cases, a palpable infiltrate 0 3 
to 0 5 cm and more in dia appears at the site of the injec- 
tion The appearance of a smaller infiltrate after 24 hours 
and its complete disappearance towards 48 is regarded as 
a doubtful reaction 

It should be borne in mind that several days after the 
tularin injection, antibodies against the tularemia patho- 
gen appear in the animal’s scrum Therefore, to reveal an- 
tibodies testifying to natural infection, it is neccssirv, to 
take the animal’s blood pnor to the allergy test 

Properties of isolated strains The problem of the tula- 
remic pathogen's variability in natural environments «mrf- 
stitutes an important aspect of the epizootology and epi- 
demiology of this disease Of greatest interest in this re- 
spect IS the pathogen’s virulence, although the potential 
\ anabihty of other properties should be considered as w cII 
To this day, no distinctly different serotypes of T tidn 
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rcnsis have been reported, nor have any serologic distinc 
tions been found between its American and Eurasian va- 
rieties 

The strains of tularemic bacteria isolated from rodents, 
ticks, etc , as well as human patients in natural foci of 
the USSR, are closely similar m all features, including 
virulence Literary statements have been made on the iso- 
lation of so called atypical strains of tularemic bactena, 
capable of growing on simple culture media, and morpho- 
logically roughly representing bacilli, etc (P V Somov 
and N N Lange, 1950, et al ), which however on later test 
were found to be alien bacteria, mostly saprophytes 
Geographic surveys of tularemic strains occurring m dif- 
ferent points and objects m the USSR have been insuf- 
ficient and should be carried further 
The strains obtained should be studied with regard to 
their morphological, tinctorial, cultural, biochemical, anti- 
genic and virulent properties Since the virulence of bac- 
terial strains is of primary importance in studying epizoo 
tological and epidemiological regularities, special attention 
should be devoted to its study Virulence should be tested 
not later than a month after isolation, since m maintenance 
(With remoculation) on artificial media, the cultures show 
a tendency towards gradual attenuation 
The strains are tested on laboratory animals Subcuta 
neous injections are employed to estimate the minimum 
complete lethal dose (DCLM), or incomplete lethal doses 
(eg, LDjo) The suspension to be used is prepared from a 
two day culture from curdled yolk media The initial suspen- 
sion IS made for a concentration of 1,000 million per ml, 
comparing it for transparency with the optical standard of 
the U S S R State Control Institute, and diluting it further 
by JO, JOO, eSc, ijmes, each fj.'ow usjng a fresh pjpetJe 
The fullest estimate of a strain’s virulence is obtained 
in simultaneous tests on animals revealing various resist- 
ance to tularemia white mice and guinea pigs (highly sen- 
sitive animals of group 1) white rats and rabbits (group 
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II — lo^\ sensitive) The former should be infected uith doses 
of 0 1-1-10 microbe cells the htter— wth 10 100 million 
to 1,000 million Fi\e white mice or three other animals 
are taken per dose using adult specimens of normal weight 
With difficulties m obtaining animals, the experiments may 
be staged on white mice, white rats and guinea pigs, or, 
m extreme cases, on the first two alone Diagnosis of 
tularemia in dead experimental animals should be con- 
firmed by pathologo anatomic study and isolation of the 
initial culture In certain cases it may be confirmed by posi 
ti\e bactenoscopy of smears 

The susceptibility and mfectional sensiti\ity of verte- 
brates to tularemia has at present been assayed cxpcri 
mentally for 70 representatives of the \ertebrate fauna of 
the USSR, including 54 rodents, 9 msectivores, 6 carni- 
vores, and one species of cold blooded vertebrates Most of 
the investigated rodents (38 species) and certain insccti- 
^ores (4 species) proved highly susceptible and highly sen 
sitive to tularemia (group 1), while the other rodents (16 
species) and msectivores (5 species) are highly suscep 
tible but low sensitive (group II), all the investigated wild 
carnivores (6 species) and the one species of frog put 
to study being low susceptible and practically insensitive 
(group III) (Table 3) 

Of the domestic animals, only two may be referred to 
definite groups the rabbit (group II) and the cat (group 
III) Sheep, apparently, belong to group II, cattle horses 
etc to group III This problem, however, requires ad 
ditioml research The same characteristics for wild birds 
have not been sufficiently studied, yet the fragmentary 
experimental data available permit to conclude that they 
belong to groups II and III 

The susceptibility and sensitivity of individual vcrle 
brate species to the more virulent Amencan strains, may 
not be the same as to Eurasian strains Thus as regards 
sensitivity towards Amencan strains the rabbit belongs 
to group I 



Table 3 

A Mninmal Spcctcs n\ncrimcntall> Rcfcrrcil la Group I 
(tiiglily susceptible ana highly scositire to tularemia) 


Species 

Authors anl date 

Rodents 


White hare — Lepus tlmiius L 

iV G Olsufjev T N Du- 

Brown hare — Lepus europaeus Pall 

najeva et al , 1950 

T N Dunaveva, 19^1 

Musk tat — Ondatra zibethtna L 

T M Duna\e\a and 

Water rat — Arueola terrestrts L 

0 S Cmel>ano\a, 1930 

G 1 Zarkhi. 1930 

Common vole— l//crotus aria/*«Pall 

D A Golov, 1934 

D A Golov. 193-4 

Field ^ ole— il/icrotus agresUs L 

N. G Olsufyev, T N Du- 

Root \ole— ^/IcrotMi eeeoriomus Pall 

naveva et al , 1950 

T N Dunayeva, 1954 

Rccd \olc (Far raslem)— il/tcrotuj 

N D Altarvova and 

forils Buchn 

r A iMiUnn, 194b 

Narrow skulled \Q\c—‘Micrctus geegaUs 
Pall 

Short tilled %olo— Vicrctuj secittUt 

r P Kleitmvn, 1953 

T N Dunaveva and 

Poll 

N G Olsufjev, 1952 

Brandis ^ole— il/irrotut brandti 

L A Smirnova and 

Radde 

L V \ asv’ukhina, l^’jl 

Strcltzovs \Q\o—A!tieola slrehoil 

T N DunayevJ 

Kastscli 

Bink \ol(i-~~Clethrlononijs glorcolus 

N 0 Olsufycv. T N Du- 

Schreb 

nvjcva ct al , 1950 

Large toothed red backed \oic—Cleih 

T N Dunajuva 

riononys rufoeanus Sand 


Northern red backed vole— CW/wtono 

T N Dunajeva 

mrjs ru(t/u5 Pill 

Slcnpa lemming — Lagurus lagurus 

N G Olsuljcv, T N Dll- 
najeva ct al , 1950 

Pali 

Northern mole vole— r//oWus talpmus 

N' 0 Milvuim and 

Pall 

A B Gui. 1939 

Nonvognn lemming — Lemmus lemmus 

1 N Diinajcva 


S V Suvorov, A A Mol 

Forest niou^'c — Apodtmus filtalltMs L 

fertz and M M ^ oronko 
va, ID28 

N G Olsufjev. T Nk Dll 
najeva ct ol , 19o0 

The ^vmc 

^ ellow necked mouse— /Ipoderwiii //«• 

ifiollis Mclch 
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(Continual) 


Spcciea Vulhon mil dale 


Asian forest mou'c— tii spe T N Dumjcra and 
closus Temm N G OIsuf\c\, 1951 

JIanest mouse— Mieromys niinutus A G Olsuljc^ and 

Pall TA Dunajcv'act 'll , 19^J0 

Common himsler— C^f^liw e>ite!ai N 0 Olsufjo T A l>a 

L najCM'et nl , 1950 

Ciscaucisian golden himster— l/e«) T N^DumjcMi lf»J» 
cncetus raddet Acbr 

Transcaucasian golden hamster — The same 

1/e oerjeetur brandti Nehr 
Striped fiauistcr— Oire/u'us barilenslt The same 

Pall 

Rat like hamster— C«cftu/tif triton TIkj same 


Wintcn 

Grc> ham'tcr— C«c#<u/us m/fro/cr/uf 

Pall 

Striped hairj footed hamster— P/e 
dopiis svngtrus pall 

Russian mole nX—Spalax mtcrophthal 
mus Guid 

Middaj gerbtl— 1/fWooee merldtanus 
Pall 

Mongolian gerbil— l/enones ungulcu 
Jalu! Miinc Ld\s 

Tamarisk gerbil— Uer/o/iee tonarls 
clnus Pall , 

Lib>3n gcrbil— 5/rrloneJ erylfirounij 
Gray 

Northern birch mouse— 5/cW<J 
llna Fill 

Common dormouse— l/KJcardlowj aid 
lanarlut L 

Altai locOT—Xfijospalax inyOfpalax 


The same 

The same 

\ G Miljntln and 
A U Cut 10 o 9 

T N Runa>c\a 1951 

N A Orloya 19SC 

r J No\iko\a T N Rii 
sina iOoS 

U A Mamed Zadc and 
S A Bakajeya 1^>7 

N G Olsufjoy, T N Du 
myoy a cl al , 19^0 

The same 

T N DiimycM 


I nxm 


Insectiy on 
Mole -Talpa europaeae f 
Common shreyv— Sorrr arantis I 

la^sscr shreyy —Sorez rninulu I 
pygmj shrew —.yorex tsdfrfktl Ont 


\ G Olsufycy and 
T N Uumyovn 19-^0 
T N DunaytM N G Ol 
Stjf^TV ani 1 M Ts\el 
koya 19 19 
N (, Olsufjcy and 
1 N Diiiiajeya 
% o ORur>ty nnl T N 
Dumi’eva 19 0 
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B Minimal Species Experimentally Referred to Group II 
(susceptible but low ««nsiti\c to tularcmn) 


Spec es 

Si nimum la 
fcctlxe dose 
(microbe 
cells) 

M n mum 
' complete > 
letbal dose 
(m crobo 1 
cells) I 

A ‘hors and date 

Rodents 




Field mouse— /IpodfHiui 
agrarius Pall 

0 1 1 

too min 

B V \oskre 
sensk) (19^0) 
A Isakov 
and S P Kir 
pqv (19-10) 

T N Dana 
jeva and N G 
Olsufjev (19o2) 

Black rat— Rot/us ratlus 

Not estnb 

1 000 min 

T A Dunajc 

L 

lishcd but 
below 1 000 


VI 100 1 

Grey rat — RaKui none 
gtcus Berk 

0 1 1 

1 000 min 

\ A \veoli 
1950 

Short tailed bandicoot 

1 

1 000 mlo 

T N Dum 

rat — Nesokla ind a 


and more 

jeva 105i 

Graj 



Squirrel— 5ciurur lulgarls 

1 

1 000 mlo 

T N Duna 
jeva 10)4 

Chipmunk — Culamias 
slbtricus Laxm 

1 

*^00 min 

0 K Kupres 
sova and 

F S Sumiro 
kov 195S 

Speckled suslik — Ctlellus 

Not esl no 

1 000 min 

N G Olsufvcv 

susUcus Guld 

css than 100 


et coll 19o0 

I irge SI shk— Cflel/us 

\ot estab 

Over lO min 

T N Duna 

major Pill 

lisbcd 


jeva 19o4 

Lone tailed suslik— C< 

tellos undulalus Pill 1 

1 

1 000 min 

N \ Gaiskj 
19-14 

Smill suslik — Cilellas 

pyg laeus Pall 

0 1 1 

1 coo min j 

T N Dunajc 
va and L V 
Pshcnichnija 
(19o3) N I 
MaktitCpN r P 
Makarov 1 and 
V C Daqi 
j cv a ( 1 0o5) 

follow suslik— C//W/uf 
{ulrus I ichl 

>ot cstob 
Jisl c 1 

Over to min 

T N Dunajeva 
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(CcnhnutA) 


‘'fPC cs 

Mtimnum in 
tcctiTc do<c 
(micinb* cells’ 

ttinimum 
. complete 
Ictiwl dose 
(microti- cells 

tulbiJ’S and d.->le 

) 

nelicl susjik— 
rehclus Kasclikar 

Not cstib 
li«hcd 

O'er 10 min 

T N Duna\c\a 

Thin toed sushC— 5pfr 
mophtlop If If plod act y 

Less linn 
fO 

OserJO min 

Tlio same 

lus I icht 




Bca\cr— Cds/op fiOer I 

\ol cstib 
listed be 
low 1,000 

0\Tr 10 min 

T N Dunn 

jc%a IOjS 

Co}pu—\fyocasior coypus 
MoHina 

iNot cstab 
Ii«bed 

Olrr 10 000 

r S Check as 
si > A \ 
Mislikos and 

I r S Sorina 
1051 

Forest dormouse— Z)j/ro 
mys nUeduta Fill 

1 

JO roln 

T h D»m 
jesa 10)4 

Inscclivor-v 




Desman— Dpjmanrt woj 
thata L 

1 10 

1,000 min 

T N Duna 
yc\a 1D54 

^^a^cf shfCH— lyt 

jodiens Schreb 

Not cstab* 
li«lied 

1 min 

T N Duna 
jeva N G 
(Jlsuf\CN and 

I M Ts%oi 
ko\a 1059 

I^sor while toothed 
shrew — Crocidura sua 
reolens i'lU 

J 10 

O^cr 1,000 

\ G OJsufsn 
and T N 
Diinis'csa fOoI 

I uropom hodgcliog— 

10 

'WOmillion 

Tlje «anic 

r rlnacem eurovaeus I 

J ong-cared Jicogchog — 

Hemlecf lous cwrilus 

Ora 




Not cstab 
listed be 
Ion_l 000 

1 OOO piln 

The same 


C ^rrlcbnlcs Lsp^nnimliH^ lUfprp-^ lo Croup IJJ 
(low su>ccptil»Ie and prafliraJO 


Srccles 

AultQrs ail 

Uoase! — ^fufte[a nlcalls I 

N 0 Ot'afio and T N 
I)um\cM 19'l 



IContinued) 


Species 

Authors and date 

Ermine— il/usle/a eminea L 

T N Duna\e\a 1954 

Polecat— -A/ustfla putanus L 

N G Olsufjev and 

T N Duna^eva 1951 

Steppe i'w easel — Mustela etersmannl 
Lesson 

Racoon dog — Nycttreutua proetonoldes 

T N ^Dunayera, 19o4 

N G OIsuRdv T N Du- 

Gray 

najcva et al 1950 

Tox—Vulpes Bulpes L 

Tlie same 

Lake hog—Jiana ndlhunda 

Z Jj^Muravjova 19o8 


When studying a natural focus of tularemia, it is im- 
portant to determine the group of animal species hitherto 
unsubjected to such tests 'Hie respective expenments 
should be staged with freshly isolated strains of tularemic 
bacteria, and, i( possible, on adult animals, providing them 
with adequate maintenance and food 
The objects of the work are (a) to establish the minimum 
complete infective dose (DCIM) and minimum complete 
lethal dose (DCLM) for the given species, (b) to determine 
the degree of insemination in the tissues and organs of le- 
thal cases The former values are necessary to estimate the 
susceptibility, and the latter—the mfectional sensitivity of 
the given species to tularemia 
For animals of group 1, these two values coincide, and 
in subcutaneous injection comprise only one microbe cell 
For group 11 the DCIM is likewise usually 1 microbe cell, 
whereas the DCLM vanes from 10,000 to 1,000 million 
cells and more, depending on species Finally, for group 
III, the DCIM comprises 100 and more cells, while the 
DCLM in a number of cases is practically indefinable, ex- 
ceeding 10,000 million cells 

The experiments are conducted by the standard (subcu 
taneous) method of infection with a two day-old culture 
from curdled yolk media If the animal is supposed to be- 
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Jong to b*t)up I, infection is earned out with doses of 1,10 
and 100 cells, taking 3-5 animals per dose Group II is in 
fected with from I to 1,000 million cells, group III— from 
100 to 10,000 million The doses should be in decimal ra- 
tio (1, 10, 100, 1000 microbe cells, etc) or, at any rate, 
with a shortage of animals, every dose should be 100 times 
Its predecessor (1, 100, 10,000, 1,000,000 cells, etc) 

To find out, roughly, the group relation of the given spe- 
cies allocated for study, 2 or 3 specimens should be in- 
fected with a 10 cell dose Death from this dose indicates 
that the animal probably belongs to group I, survival per- 
mits to refer it to groups II or III This being accomplished, 
full scale experiments are staged on the already described 
pattern The organs and tissues of dead animals are 
used for smears m which the rate of tularemia seeding is 
assessed by the accepted scale of designation (see p 245) 
Organic changes revealed at autopsy are described and 
recorded A definitive proof of death from tularemia is ob- 
tained by isolation of the initial culture from the viscera 
In surviving animals, the blood serum is studied 20 to 25 
days after infection by means of the agglutination test (for 
procedure see p 249) Only absolutely clear-cut reactions 
(3 or 4 plus) are considered of diagnostic value The dis- 
covery of tularemia antibodies in the serum, even m its 
lowest dilutions (1 5 to I 10) may be accepted as proof 
of infection The absence of antibodies indicates that the 
animal has not been infected 

Transmission end maintenance of the infection by blood 
sucking arthropods The role of blood sucking arthropods 
as vectors of the tularemia pathogen, has been the object 
£d deiaded study m the USSR The number of species 
experimentally shown to be able to transmit or maintain 
the agent, approaches 54 This number includes 8 species 
of Ixodidae, 2 of Argasidae, 9 of Gamasidae, 3 species of 
hce, 9 of fleas, 1 bug, 13 Tabanidae, S mosquitoes and 1 
stable fly (Table 4) 





Table 4 

Ulood Suckjn? Arthropods of the USSR Lxpcnmentnllj rro\cd 
Able to TronsiiJit or Munlim the Tularcmn Pathogen 


Species 

B 


Vuthois and date 

IxodidaJ 




Ixodes apronophorus P Sch 

+ 

+ 

iD A GoIon 1934 

Ixodes neinus L 

, + 

. + 

\ It Olsufjev 19i3 

Ixodes lagttri Olen 

+ 

' + 

' \ p Bozhenko and 

S F Sheichenko 

UJdplcephalus rossieas Jak 

+ 

+ 

Y F Shalas and 

N A Bj-strova t9a4 

Uoemapbysalts otopkila P 

+ 


\ G Pelrov 

Ech 




Uaemaphxjsalisconcinna C L 
Koch 

Dermacentor margmatus Suit i 


+ 

\ G Pctcov 


+ 1 

X> A Colov and 

1 \ N Fjodorov 193i 

Dermacentor pictus flerra | 

+ 


N G Olsufjcj and 

L N Tolslukhina 19il 

Argasidac 




Ofnlthodoruslaharensh ^eum 


+ 

L S Ye^sho^a 19o9 

Ornithodorus papllUpes Bir 

j 

+ 

N G Olsufjev 

Gamasidae 




Catlaps hllarls C L. Koch 


+ 

N G Olsufjev 19i0 

(»L feslmus) 




fiaemogamasus nidi Micb 


+ 

The same 

Ilaemolaelaps sp 



The sime 

Macrolaetaps murls Ljungli 

+ 

+ 

N K Grzhehma 1939 

(‘=‘Laelaps ec/iidnlnus) 



1 N Aclnna and 
\ P Romaiioia, 19->l 

Ilaemolaelaps glasgowl Lw 
(‘=‘11 mohrae) 

+ 


JJirstlonyssus nius<ru/l Johnst 


+ 

L N iNelztnacl coll , 19o7 

Illrstlonyssus isalellittus 

Oudms 

llirstionyssus eeicett Sulz 

+ 


TJiB same 

+ 

+ 

The same 

Orntthonyssus baeati IHrsl 


+ 

iropia C [ 

Lice 




jjoplopleara sp (water rat 



D A CoJol, l&J, 

Jloptopteura acanWpu* Bunn 

-I* 


N G Olsufyer, 

17* 
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(Continued) 






Sixties 

mis&ion 

tenance : 

Authors and date 

Polypiaz splnulosa Dcnn) 

+ 

! 

S P K'trpo\ and 



\ M Popov, 19^6 

Floas 




CeratophyUas icalkeri Rolhs 

+ 


D A Colo% and 



\ L Tiflos 193i 

Ceraiophyllus faseialus Bose 


+ 

L A Dudolktna, lOoJ 

CeratophyUas pemeilUger 

Grubo 

lieopsylla setosa \\agn 


+ 

0 N Saronosa, 1^53 



D A Colos and 



\ r Tl^ 0 ^, 1935 

CienophtAaimus assimills 

1 


N G Olsufvcv and 




L V ToIsluUMia, lOil 

Ctenophtkalmus orlentalts 

+ 


\ A \oIfi.Ttz and S A 

wapo 



Kolpako%a 19iG 

AmphipsyUa rosstca Waga 


+ 

0 N Sarono%a. 19 j3 

Leptopsylla segnis Schon 

+ 

+ 

L A Dudolkina lOo-l 

Xenopsylla eheopis Roths 

+ 

+ 

Tho same 

Buga 




Clmex lectularius L 

+ 

+ 

\ P Oorhenko, 1930 

Diptcra 

Tabonidac 




Chrysops relletus Mg 

+ 

+ 

\ p Dorhenko 1911 

Chrysops caeeutiens L, 

+ 

+ 

The same 

Chrysops flaripes 

Tabanas bromtus L 

+ 

+ 

+ 

+ 

TLd same 

N G Olsufjev and 



D A Golov, 

Tabanus autumnalis L 

+ 

+ , 

The same 

Tabanus solsttllalls ScbiD 

+ 

j- 


Tabanas turkestamis Sz 

+ 

+ I 

Tie same 


+ 

+ i 

The «atne 

Tabanus peeutlarls Sr 

+ 

+ 1 

The same 

Tabanus flarogutlatus Sr 

+ 

+ 


Tabanus pulehellus 

Tabanus agrestls Vt d 

+ 

+ 

+ 1 

N G OUufyc\ aod 0 A 
Golov, 1950 

Chrysoiona turJeesianfea Krb 



The same, 1030 
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(Continued) 


Species 1 

Tratts- 

mtsslonl 

ttain* 

lettance 

Authors and date 

Mosquitoes 




Anopheles rnaeuhpennis Mgn. 

+ 

-f 

V. N. Fyodorov and 

Anopheles kyreanus Pall 

+ 

4- 

F N StvoloboT, 1935. 
V P Romanova and 
M 1 DaniloN’a, 1939 

N G Olsuf\ev and 

Aides lexans Mqn 

+ 

4- 

D A. Golov, 1938 

The same 

Aides caspius Pall 

+ 

4- 

The same 

Aedes Jlatescens Mull 

4- 

4- 

The same 

Aides cinereus M£»n 


4* 

The same 

Monsonta rjcluordii Tic 


4- 

N G Olsuijev and 

Culex medesius Fic 


4" 

D. A Golov, 1930 

The same 

Stflblo-FIies F 




Stomoxys eolellrans F. 

+ 

4- 

P. V Somov cl coll, 1937 

Note The plus sign dcnol< 

» post! 

ii%e rcsi 

ills 


Experiments have demonstrated that the cited groups 
of arthropods vary m their ability to transmit and main- 
tain the causative agent of tularemia. 

The specific vectors of tularemia are: Ixodtdae and 
certain species of Gomasidae, which are obligate hemato- 
phagi, easily transmitting the infection from diseased to 
"healthy animals. Ixodid ticks maintain the pathogen 
throughout their metamorphosis — from larvae to the ma- 
ture stage, which is enhanced by the accelerated re- 
production of tularemic bacteria in the tick’s organism 
during suction. 

Mature ticks may transmit the infection not only to 
rodents, but also to domestic animals (D. A. Golov, 1935). 
The ticks can maintain the pathogens all their life; thus, 
V. G. Petrov proved the maintenance of the pathogen in 
mature ticks Dermacentor marginatus during 700 days. 


261 




Its basic biological properties, including virulertce, remain- 
ing unaffected 

Owing to their longevity, Ixodidae serve not only as 
vectors but also as long term reservoirs of the infection 
in nature during mterepizoolic periods 

As evident from literature, ticks transmit the pathogen 
of tularemia transovarially (V P Bozhenko and V. P Ro- 
manova, 1956) This, however, was not confirmed by the 
extremely thorough control experiments of V G Petrov 
(1959) on ticks Dermacentor marginatus, which agrees wnth 
the findings of D A Golov n934) and other authors An 
extremely active vector of tularemia are rodent lice, 
whereas transmission through fleas and bugs is difficult, 
horse flies, mosquitoes and stable flies may likewise trans- 
mit the infection from diseased to healthy animals, but 
only mechanically 

If the role of fxodidac, fleas, mosquitoes, horse-flies, and 
stable-flies as vectors of tularemia, has been studied with 
sufficient detail, data on other groups of blood sucking 
arthropods are scarce Fuller information is necessary on 
the transmission and maintenance of tularemia by Gama- 
sidac and Argosidae, and on the possibility of the same 
by mosquitoes, blackflies and midges 

Experiments on the transmission of tularemia by blood 
sucking arthropods can only be staged on animal donors 
from group I — water rats, common voles hamsters, etc The 
same purpose may occasionally be served by white mice, 
as well as golden hamsters and steppe lemmings, which 
readily multiply m confinement Guinea pigs are useless 
as donors because of the poor development of tularemic 
septicemia m their bodies The animals are infected sub- 
cutaneously either with fully virulent strains freshly iso- 
lated from a focus, or a strain cultivated artificially on 
sensitive animals, or else dessicated under vacuum shortly 
after isolation 

The experimental ticks or other insects ma> be bred in 
the laboratory or caught m nature The arthropods are 
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fed on the experimental animal m groups of several dozen, 
hundred, or thousand specimens, depending on the size 
of vector and donor, the blood meal taking place towards 
the end of the latter’s life, when its blood holds the great- 
est amount of tularemic bacteria (at the stage of septi- 
cemia) 

The success of vector infection is estimated bacterio- 
scopically, for which two or three freshly fed specimens 
are crushed on a slide, makmg a smear of blood from the 
stomach and staining it (after preliminary fixation with 
Nikiforov’s mixture) by the Romanowsky Giemsa method 
In subsequent experiments, use is made only of series of 
ticks or insects replete with blood containing large quan- 
tities of tularemic bacteria (up to III or IV points) 
The infected arthropods are then used m tests for ability 
to maintain or transmit infection 

In experiments on transmission the arthropods are fed 
on animals sensitive to tularenfia (group I) The best recip- 
ients are guinea pigs or white mice, as well as various 
wild rodents likewise belonging to group I (hamsters, 
voles, etc ) Pathogen carrying ticks and insects are fed 
pending different intervals after infection by blood meals 
on donor animals, viz , from several hours or days to sev- 
eral months, depending on the rate of blood digestion in 
the given arthropod species and its capacity for repeated 
blood meals Another procedure used is interrupted feeding, 
when the arthropod is removed from the donor before en- 
gorgement and is directly (or after several hours) fed to 
repletion on the recipient 

Infected arthropods are fed on recipient animals indi- 
vidually or m small groups Blood meals may be effected 
by letting the insects freely alight on the animal, or plac 
them on. definite areas of the latter’s bodies under 
small glass or plastic cylinders or special adhesive bags 
A cylinder is glued to the shaved skin area with Mendele 
yev’s putty, and a bag — ^with celloidin dissolved m a mix- 
ture of alcohol and ether 
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Each animal is used for feeding infected arthropods only 
once, after which it is kept under observation for 15 to 
20 days Dead animals are investigated for tularemia, con 
firming the diagnosis by isolation of the initial culture 

The time of maintenance of the pathogen in the vector 
organism is mostly estimated by subcutaneous injection 
of a suspension of the arthropod tissues into an animal 
sensitive to tularemia, usually a white mouse The suspen* 
Sion is prepared in saline 

The amount of tularemia microbes m the vector’s body 
may be estimated by “titration” on white mice Five or 
ten specimens of arthropods subject to investigation are 
thoroughly crushed in a mortar After adding 2 5 or 5 ml 
respectively of saline solution, a homogeneous suspension 
is obtained, every 0 5 ml of which contains the crushed 
tissues of one arthropod After that the suspension is dilut* 
ed 10, 100, etc , times, for which 0 5 ml of the latter is 
mixed with 4 5 ml of saline, and so on, the operation each 
time being performed w'lth a fresh pipette The result is 
a number of suspensions, 0 5 ml of which contain 1/10, 
1/100, etc., of the arthropod tissues These are further m 
jected into white mice, using 0 5 ml per injection and 3 mice 
per suspension The value of the minimum dilution caus- 
ing lethal tularemia m all 3 mice indicates the quantity 
of doses lethal for mice contained m the body of one ar- 
thropod, and since the DCLM of a virulent tularemic cul- 
ture for white mice compnses 1 microbe cell, the said 
value simultaneously indicates the amount of tularemia 
microbes contained in one arthropod Thus, if the death of 
all three mice was caused by a minimum dilution of 
J 100,000, one arthropod should have contained an aver- 
age of IQO.WO toisrooiis The same procedure 

may be used for determining the amount of bactena in 
individual organs of vertebrates, invertebrates, water, 
etc 

Other routes of transmission In contrast to a number 
of other diseases with natural foci, such as the plague. 
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rickettsioses, tick-borne encephalitis, etc , tularemia may 
be transmitted from diseased to healthy animals not only 
through blood sucking arthropods, but by other routes 
as well In the acute phase of the disease, tularemia 
infected rodents, especially those of group I, discharge the 
pathogen with the unne and faeces, thereby contaminat- 
ing the environments Experiments have shown that if 
rodents dying of tularemia fall into water, their carcasses, 
especially when damaged, may infect the reservoir (T N 
Dunayeva, 1959) At temperatures from 4 to 6* C, the path- 
ogen may retain its viability m water and on the surface 
of fodder (gram, straw) for as Jong as 4 months 
In nature, small rodents often contract the disease by 
eating the carcasses of other rodents which have died of 
tularemia 

According to S P Karpov (1955) and A A Selesnyova 
(1950, 1955), Mohusca, Tnchoptera and other inverte- 
brates, so called hydrobionts, receive tularemia microbes 
through water, m their own turn becoming sources of in 
fection, liable to infect fresh-water reservoirs 
Experiments by T N Dunayeva (1959) on water rats 
and other rodents, demonstrated the possibility of rodents 
contracting tularemia at short term immersion in infected 
water Infection occurred at a minimum concentration of 
100 microbe cells per 1 ml of water 
Experiments with infected food (gram) showed the lat- 
ter to be a potential source of infection for common voles 
and domestic mice (L A Pomanskaya, 1957) 

Research in natural foci of tularemia should envisage 
further elucidation of the routes of transmission through 
environment, especially water It is necessary to clanfy 
the possibilities of infection through water for a number of 
Djxijiubjritjc vfirtebxate speciftsy eg, the musk rat, certain 
voles, etc Study should likewise be continued on the role 
of hydrobionts m the infection of water reservoirs, eluci- 
dating the concentrations of microbes m water at which 
hydrobionts may be infected, the occurrence of microbe re- 
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production m the latter, the temperatures at \\hich this 
IS possible, etc , etc 

These studies may be accomplished by the techniques 
employed in investigating other aspects of the epizootol* 
ogy of tularemia In particular, “titration” on white mice 
may be applied for determining the amount of microbes 
m hydrobionts, ambient water, etc. (see p 264) 

Attention should be draivn to the possibility of trans 
mission by droplets as ■well as dust 

Epidemiology 

As demonstrated by many Soviet authors, the main 
sources of tularemia infection for man in the USSR are 
common voles, water rats, domestic mice, hares, and, partly, 
musk rats and hamsters Contagion in man results either 
from contact with diseased and dead rodents, or from the 
bites of infected blood sucking arthropods (mosquitoes, 
horse flies, ticks), or, further, from handling water, food, 
straw and other substrate contaminated by rodents infect* 
ed with tularemia Cases are known when personnel at 
meat-processing plants contracted the disease when 
slaughtering cattle infested with tularemia carrying ticks 
As regards the concrete mechanisms of contagion, man 
may be infected through contact, ingestion, aspiration and 
inoculation (arthropod bites) 

Tularemia may occur m the form of sporadic cases or 
epidemic outbreaks of varying intensity The disease af- 
fects agricultural workers, hunters, fishermen, housewwcs, 
schoolchildren, etc , in other words, any occupational cate- 
gories and age groups, including infants and old people 
regardless of season The specific assortment, population 
and ecology of rodents — the principal reservoirs — and 
blood-sucking arthropod vectors, as well as the various 
supplementary routes of transmission— all these character- 
istics of a natural focus have their effect on the condi- 
tions of human contagion The said charactenstics, how- 
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ever, are in turn influenced by the social factor, i e , the 
concrete forms of human activity within the focus, m the 
course of which man comes into contact with rodents, blood- 
sucking arthropods or substrata (water, gram, fodder, etc) 
contaminated by diseased animals The conditions of con- 
tagion and especially the infection rate are also affected by 
preventive measures and the percentage of non immune 
population. 

According to origin, outbreaks and solitary cases of tula- 
remia may be classified as follows vector-borne (i e , dis- 
seminated through vectors), trappers' (from water rats 
and musk rats), water-borne (contracted through drinking 
or washing with infected water from wells or natural 
reservoirs), agricultural (contracted at overhaul of rodent- 
infected hay, contaminated gram and vegetables and trans- 
portation of hay, etc ), domestic, game borne (received 
through hares, etc ), food borne (developed through the 
use of milk, bread, etc , infected by rodents), industrial 
(contracted at plants while processing infected agncultur 
al products) and so forth In vanous types of foci, the 
conditions of human contagion may differ, due to which 
epidemiological data should form an indispensable part 
of the description of a given focus 

The primary stage of research on the epidemiological 
status of the focus under survey, constitutes careful accu- 
mulation of long-term data on previous outbreaks and mis- 
cellaneous cases, desirably, since the earliest known 

When collected through the local public health service, 
morbidity data may not always correctly reflect the actual 
rate observed in the past, since part of the patients may 
have remained unregistered To venfy this, resort should 
be taken to selective tests of the population by the per- 
cutaneous tularin technique This method permits sufficient- 
ly accurate recording of individuals earlier afflicted with 
the disease, since they retain the allergic skin reaction to 
tularin for many years Interrogation uill help to determine 
the approximate time of the disease, it being borne in mind, 
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however, that the persons questioned are often unaware 
of having had the disease Surveys should co\er onlv the 
population never inoculated against tularemia 

The collected morbidity data are analysed statistically 
and epidemiologically in the following sequence 

(a) Dynamics of tularemia morbidity for the entire period 
covered by the available data Distnbution of morbidity 
over the area (map), among mdividual settlements (dia 
grams), and its level for different years and seasons (graphs) 
and likewise m relation to conditions of contagion, occupa 
tion, age, sex, etc (graphs and tables) Morbidity' indices 
per 10,000 inhabitants, per settlement, etc Types of tula 
remia outbreaks with detailed descriptions of each 
sources and routes of infection, clinical forms of disease 
(according to localisation of pnmary lesions) 

(b) Epizootologic and epidemiologic factors conducive 
to the incidence of tularemia Dynamics of rodent and \ec 
tor populations for the years covered by epidemiological 
analysis Data on the incidence of the pathogen in rodents 
and vectors Features of human economic activity involv 
mg exposure hunting of water rats, hares and other am 
mals, haymaking and other agricultural occupations in 
the natural foci of tularemia Characteristics of agrotech 
meal procedures, promptness and efficiency of harvesting 
etc 

(c) Effects of prophylaxis on morbidity dynamics Vac 
cination, rodent control, etc Evaluation of the efficiency 
of adopted measures 

Ti PES OF NATURAL FOCI AND 
EXOIENTARV FOCT OF TULAREMIA 

The sources of tularemia infection, the routes of its cir 
culation in nature and the conditions of human contagion 
vary with the terrain, which necessitates classification of 
natural foci as to their biocenotic, epizootologic and cpi 
demiologic features 




Fig 31. Floodland swamp typa tularemic focus Lake overgrown with 
reeds— habitat of water rats, mosquitoes and horse flies The valley 
of the Karatal river near Ush'Tobeh Station, south'eastem Kazakh* 
start 

According to A. A Maximov (1957), *'A class of natural 
foci permanently associated with a corresponding type of 
terrain is defined as a category of infective focal entities 
homogeneous in the character, historic origin and present- 
day environment of their component biocenoses, and ex- 
hibiting identical epizootologic and epidemiologic manifes- 
tations.” 

Each type of focus has its structure, i.e., aggregate con- 
ditions (warm-blooded animals, blood-sucking arthropods, 
actual forms of contact between the former and latter, re- 
lations with environment, etc.) allowing the causative 
agent to exist (circulate) for an indefinite length of time 
within the focal area <N. G. Olsufyev, 1947). 

As regards the territory of the U.S S R., it appears jus- 
tifiable to distinguish the following 6 types of natural tu- 
laremic foci: swamp-floodland, grassland-meadowland, 
woodland, steppeland (ravine); cisalpine-stream type, and 
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desert-floodland (the latter term being proposed by G. A. 
Kondrashkin, 1957). As evident from the list, the terms 
denominating focal t>'pes are not the synonyms of the 
geographic zones with which they are associated. The choice 
of denominations was governed by the concrete assort- 
ment of biotopes harbouring the infective foci. The pro- 
posed classification sets no limit for subdivision of earlier 
established types and introduction of new ones. Such typing 
should be based on concrete data concerning the bio- 
cenotic, epizootological and epidemiological characteristics 
of a focus, and not merely on its association with a given 
type of terrain. 

The close interdependence between the focal type and 
the conditions of human exposure may be confirmed by 
examples A most typical occurrence m grassfand-meadow- 
land foci are agricultural and winter-time water-borne 
outbreaks: m the swamp and floodland type— outbreaks of 

r - - ? 


I 
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Fig 32 Mcadowland type tularemic focus Mesophilous hummock> 
rr.eado\%— habitat of common vole Microtus anal/s and mcadCAs ttcK 
Dcrmacentor pictus, abundant tularemia Infected ticks revcalw i 
spring. Mikhnevo district, Moscow region (N G Olsuf>ev> 




Fig 33. Cisalpine'$(ream-type tularemic focus Small stream with 
banks inhabited by water rats and ticks Dermacentor stlvarum and 
Haemaphysalis conanna Tu1aremia>infected ticks revealed m spring, 
infected rats and water — m summer. Ticks collected on flag early 
in spring, Staro*Bardm district, Altai territory (N. G. Olsufyev) 


the vector-bome and trappers’ varieties; in cisalpine- 
stream foci — summer-time water-borne outbreaks, etc., etc. 

At present, the swamp-floodland and grassland-mead- 
owland types of foci are known best. The former is wide- 
spread in the European and Asian parts of the U.S.S.R., 
being associated with river valleys, lake shores, and 
swamps. The principal function in maintaining this type 
of foci boioogs to the weter rat The grassJand^meadow- 
land type of focus, chiefly connected with the common 
vole, occurs mainly in the central regions of the European 
U.S.S.R. However, certain varieties of the swamp-flood- 
land type, in particular the lake and swamp foci of the 
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forest steppe zone in Western Siberia, require further in- 
vestigation Less studied are ^e steppeland (ravine), cisal- 
pine stream and woodland types of foci, and still poorer— 
the desert floodland type 

Additional attention should be afforded to the natural 
foci of Eastern Siberia and Transcaucasia, the latter’s ty- 
pological features stih being not clear. Little studied are 
the foci located in the north of the USSR, particularly, 
m the lower reaches of the nver Ob, and on the nver Lena 
and its tnbutanes. 

Classification of natural tularemic foci is based on a 
combination of all data accumulated during focal surveys 
The former should be regarded as the final stage of all 
research, being of major importance for substantiating the 
prophylactic measures to be taken in foci of different t>pes 

liie focal area is subdivided into smaller sections which 
are called microfoci, or elementary foci, in which the infec 
tion persists with relative constancy, including interepizo- 
otic periods Elementary foci are usually associated with 
areas of relatively stable rodent and tick populations, 
mostly being polyhostal and polyvecioral 

The stability of an elementary focus is to a consider 
able extent dependent on the longevity of ixodid ticks miin 
taming the pathogen during interepjzootic penods (N G 
Olsufyev) A supplementary part m stabilising the foci 
IS apparently played by certain species of Gamosidae 
(E. N Nelzina) The stability of natural foci of tuhremia 
IS demonstrable by the following example In Mikhnevo 
district of Moscow region the existence of tularemic 
infection m the rodent or tick population was observed 
continuously for 15 years (from 1938 to 1953) on an area 
not more than 5 kilometres broad (N G Olsufyev et coll ) 
The discovery of elementary foci facilitates the sanitation 
of the focus as a whole, since prophylactic measures may 
be effected not on the whole area at once, but only part 
by part 



The detection of elementary foci will be enhanced by 
dividing the focal area into sections with uniform ecology 
and terrain The procedure is as follows (1) According to 
features of terrain, the investigated area is sectionahsed 
into primary geomorphological and geobotanical districts, 
priority being afforded to the hydrographic network and 
types of water reservoirs (i) According to the specific 
aspects (quantitative interrelationships) of the basic reser 
voirs and vectors and their population dynamics, districts 
with closely similar faunistic communities and synchronous 
fluctuations of rodent and vector populations are revealed 

(3) On the basis of epizootological characteristics, a list is 
made of distncts harbouring epizootics with identical fre 
quency, intensity, dissemination, seasonal occurrence, and 
specific assortment of animals involved, and with an equal 
numerical incidence of infected blood sucking arthropods 

(4) On the basis of economic data, districts of equal devel 
opment are defined, note being made of population den 
sity, principal occupations, etc 

All the above are mapped, and pending analysis of ag 
grcgate features, the territorial divisions are classed into 
(a) non enzootic, (b) enzootic with rare manifestations of 
epizootics of varying intensity, and (c) permanently en 
zootic areas 

Division into districts according to features of terrain 
was successfully applied m locating elementary foci of 
tularemia in a survey of a floodiand swamp type focus in 
the north of the Volga Akhtuba floodlands (N G Olsu 
fyev, V V Kucheruk et al , 1958) 

NOSOGEOGRAPHY OF TULAREMIA 

As iS t!ve of ali dtseosos wvA /iatura} foci, the distri- 
bution of tularemia is primarily dependent on natural fac 
tors However, the economic activity of man also has its 
effect on the geography of the disease, restnctmg, or, some- 
times, extendmg the boundaries of its natural foci Dur- 
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mg the almost fifty years after the discoverj* and descnp 
t]on of the tularemia pathogen, incidence of the disease 
has been recorded excJusively in the northern hemisphere 
In the Americas, tularemia has been confronted m all states 
but one of the USA, as also in Alaska, Canada, Me^c- 
ICO and Venezuela In Europe, tularemia has been diag- 
nosed in France, Belgium, the Netherlands, Switzerland. 
Italy, Austria, West Germany, the German Democratic 
Republic, Sweden, Norway, Finland, Poland, Czechoslova- 
kia, Rumania, Hungary, Yugoslavia, Greece, m Asia — in 
Turkey and Japan The global distribution of tularemia has 
not been fully clarified This refers to a number of con 
tinents, including Europe, where its discovery is to be ex 
pected in seven) more countries, viz , Bii}g3na, Albania, 
Spain, and, possibly, Denmark, and among Asian coun 
tnes — Iran, the Chinese People’s Republic, the Korean 
People’s Democratic Republic, and, probably, India 

Since Its discovery in the U S S R. (1926), an increasing 
amount of data have been accrued on the prevalence of 
natural foci of tularemia m the country. By now such foci 
have been revealed in both the European and Asian parts 
of the Soviet Union (see Fig 34) A number of regions 
have not been explored 

The task for the future is to organise surveys of blank 
areas, le, regions and distncts where tularemia has not 
been recorded, with a view to checking the real extent 
to which they are free of natural foci of the disease Prompt 
detection of the latter is extremely important for the timel> 
institution of prophylaxis 

Detection of latent natural foci may be eflected b> the 
following procedures 

(a) bactenological study of Ixodiduc collected in large 
quantities m spring from domestic animals (cattle, sheep) 
m various parts of the area under surve>, this concerns 
only tick species whose larval and nymphal stages parasi 
Use rodents (e g , species of the genus Dcrmaccntor), 

(b) bactenological study of rodents, primanl>, the mass 
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spread species of group I, collected at the seasons of their 
most probable occurrence in the tularemia infected animal 
population (see p 243), 

(c) selective investigation of the human population %vjth 
the use of the tularin skm test, covering, primarily, per- 
sons occupationally subject to frequent contact uith 
rodents or ticks — hunters, herdsmen, etc , permanently Iiv 
mg in the area under survey, the survey should be restrict 
ed to people never vaccinated against tularemia, 

(d) agglutination tests with the use of tularemic diag 
nosticum to be staged on the sera of cattle and sheep reg 
ularly grazing on pastures and exposed to mass tick m* 
festment (M V Vasilyeva et coll , 1957, V L Adamovich 
and Y M Feldman) The test is made by volume and 
regarded as positive only with absolutely clear aggluii* 
nation (3 or 4 plus) in serum dilutions of J 10 and more 
on condition that the reaction is absent m parallel tests 
for brucellosis 

In establishing the incidence of tularemic foci in the 
area under survey (i e , recognising U as enzootic m regard 
to the disease), serologic findings represent merely a first 
approach, and must be confirmed either by isolation of 
the pathogen from ticks or rodents or by revealing post- 
convalescents among the local human population 

PROPHYLAXIS 

At present, prophylaxis is chiefly confined to vaccina- 
tion of people in the foci of the infection As general!) 
known, the live vaccine proposed by N A Gaisky and B Y 
Elbert, is applied in the same way as the smallpox vaccine 
(B Y Elbert) 

Vaccination is a reliable safeguard with any route of 
transmission The resulting immunity may sometimes last 
up to 5 or 6 years and more, which has permitted planned 
vaccination in enzootic regions, when urgent cpidemiolog 
ical indications were still absent Revaccination is made 
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after five years The development of such a highly effec- 
tive vaccine against tularemia is a splendid achievement 
of Soviet scientists 

Since tularemia belongs to the diseases with natural 
foci, the use of vaccines alone cannot lead to sanitation of 
Its foci, where the potential hazard of infection still re 
mams Vaccination may be regarded merely as a provi- 
sional measure until all natural foci of the disease are sup- 
pressed Sanitation of natural foci of tularemia may be 
achieved by reducing the population of the principal res 
ervoirs and vectors to a level precluding their mass re- 
production 

Soviet scientists have developed effective methods of 
exterminating rodents in tularemic foci (N P Naumov et 
coll , V V Kucheruk et al ) Thus, water rat control is suc- 
cessfully achieved by the use of carrot bait poisoned with 
zinc phosphide The same poison as well as others proved 
highly effective against the common vole Control m this 
case IS effected by fumigating the entrances of vole bur 
rows In agricultural areas, control is based on thorough 
execution of agrotechnical operations, m particular, prompt 
removal of stubble, thorough ploughing m autumn and 
spring, timely and thorough harvesting, etc 

Regular hunting has an important restrictive effect on 
the population of water rats, hares and other game ro- 
dents Systematic hunting in tularemic foci precludes the 
appearance of epizootics among game rodents, and there- 
by, along with vaccination, ensures the prevention of 
tularemia among people (N G Olsufyev, B P Borodin, 
V V. Kucheruk et al , 1958) 

The destruction of Ixodidac is also of major importance 
for the sanitation of natural foci of tularemia Many spe 
cies are amenable to control m the mature stage, when 
feeding on domestic animals 

A highly effective measure is DDT and hexachlorane 
treatment of cattle, which leads to almost total extermma- 
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tion of the ticks (L N Pogodina, N G Olsufyev, V I Kur 
chatov, V G Petrov) 

The ticks may also be exterminated by spraying the 
vegetation with DDT preparations (N N Gorchakovskaya. 
V G Petrov) 

Apart from that, there are other measures, such as 
enforcement of sanitary rules and regulations at water 
sources, in shops, stores and dwellings, public sanitary 
education, etc 

In the Soviet Union preventive measures against tula 
remia are effected by the entire public health network 
under the guidance of the departments of high hazard 
diseases of regional and district sanitary and epidemiolog 
ical stations These departments plan vaccination cam 
paigns, check up on their quality, carry out epizootologic 
surveys of natural foci of the disease, present forecasts re« 
garding the population of rodents — the pnncipil sources 
of tularemia infection— furnish the agricultural authoniies 
with recommendations on rodent and tick control etc , etc 

Prognostication of rodent population and planning of 
prophylactic measures are carried out difTerentially, with 
regard for the local types of tularemic foci Thus, for 
grassland meadowland foci, the basic measures should 
envisage prevention of the agricultural and wintertime 
water borne outbreaks which are most typical for this 
class of foci for floodland swamp areas — the prevention of 
vector borne and game borne outbreaks for the cisapline 
stream type — prevention of summer time water borne out 
breaks, and so on 

The incidence of tularemia among the population is as 
sumed as the basic cntenon for evaluating preventive 
measures Estimates of the efficiency of prevetiWve 
measures are made by analysing the sick rate for the cur 
rent and subsequent >ears 

If cases of the disease occur despite prevention, espe^ 
cially if their incidence is comparatively high, it is ncces 
sary to elucidate the reasons of the inefficiency of the 
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adopted measures If morbidity is reduced or eliminated, 
it IS necessary to evaluate the importance of adopted 
measures in achieving such results Analysis of the effi 
ciency of these measures should be based on objective 
evaluation of domestic and labour conditions and varia- 
tions in the latter, as well as on objective estimates of the 
scope and quality of the measures proper 
Basically, the quality of prophylaxis and anti epidemic 
sanitation is assessed by the following (1) quality and ef- 
ficiency of preventive vaccination, as assessed by compar- 
ing morbidity among vaccinated and non vaccinated in 
dividuals residing in equal epidemiological conditions or 
by confronting the sick rate for three, five or more years 
preceding the given campaign with the 3 5 and more 
years following, (2) promptness and effectiveness of ro 
dent and vector control earned out in the focal areas with 
prophylactic purposes, (3) completeness and promptness 
of registration of tularemia patients, (4) efficiency of other 
preventive measures safeguarding and decontamination of 
water sources and food products, water rat hunting, etc 
Analytic data on the effects of preventive and anti- 
epidemic measures are subsequently utilised in planning 
and carrying out combined anti-tularemia programmes 
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LEISHMANIASES 


The term leishmaniases presents the group denomination 
of a number of diseases caused by parasitic protozoa 
belonging to the genus Lcishmonifl The vectors of these 
pathogens are insects of the genera Phlcbotomus and 
Sergentomyia All diseases classed under this name are 
distinguished by their pathogenesis, clinical course and 
a number of other features, and are usually divided into 
two groups known as cutaneous and visceral leish 
maniases 


CUTANEOUS LEISHMANIASES 

Synonyms Borovsky’s disease, Borovsky’s leishmaniasis, 
Leishmania tropica, oriental sore Pendinski (Ashkhabad, 
Kokand, Tashkent, Samarkand or Merv) ulcer, Lenkoran 
or Yelizavetpol godovic, Leishmaniosis cutanea (Lat), 
Leismaniose cutanee (Fr), cutaneous leishmaniasis (Eng), 
Hautleishmaniose (Germ), leishmaniasis cutanea (Sp) 


General Definition 

Cutaneous leishmaniasis is a transmissive endemic dis 
ease proper to countries with warm and hot climates The 
external manifestations are ulcerous lesions of the skin 
resulting from the bites of small blood sucking Dipterci 
sandflies Phlcbotomus and Sergentomyia 
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Distribution 

In Europe Italy, France, Spam, Greece, Yugoslavia, 
Bulgaria, Albania, Transcaucasian republics of the U S S R 
In Asia India, Arabian peninsula, Afghanistan, Indo- 
china, PhilipjDines, Ceylon, Iran, Iraq, Israel, Turkey, Syria, 
Jordan, Yemen, Soviet Central Asian republics 
In Africa Algiers, Tunis, Libya, Morocco, Egypt, Sudan 
Congo, Angola, Ethiopia, valleys of the rivers Niger, Shan, 
and others 

In South and Central America Brazil, Paraguay, Mexi 
CO, Argentina, Uruguay, Columbia, Bolivia Peru, Panama, 
Yucatan peninsula, Guiana, Equador, Venezuela 
History The earliest descriptions of the disease were 
made by the British physician Pocock in 1745 in Syria 
The clinical features of the disease were outlined by bros 
Russel in 1756 In 1833 Gillhou delivered before the Pans 
Academy of Sciences a thesis on what he called the 
Aleppo boil”. Later, the same disease was examined by 
numerous other investigators and physicians 
The Russian military doctors N Arend (1862), F Fin- 
kelstein (1886), L Heidenreich (1888), A Kolpakov (1901) 
described the clinical picture of the disease together with 
some of Its prominent epidemics In 1898 G F Borovsky, 
an army doctor, discovered and described m some detail 
the causative agent of cutaneous leishmaniasis, without, 
however, stating its systematic relationships and name 
The Russian physician’s discovery was confirmed by K 
Shulgm (1902) G F Borovsky’s publication remained 
unknown abroad so that priority in the discovery was 
wrongly ascribed to J H Wnght, a Boston physician who 
revealed the pathogen in the content of an ulcer in a 
child immigrant from Armenia In 1900 Leishman and in 
1903 Donovan isolated the causative agent of visceral 
leishmaniasis Issuing from these data, R Ross in 1903 
referred the infective agent of cutaneous leishmaniasis to 
a new genus which he called Lcishmonia after the British 
'military doctor. 
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Academician E N Pavlo\sky (1924-1927) re established 
the priority of the Russian scientist m the discovery of 
the pathogen of this disease Subsequently, the work of 
G F Borovsky was published by the British scientist 
C Hoare in London in the Annals of the Royal Society of 
Medicine 

Among the Russian contributors to the development of 
the theory of leishmaniases in the republics of Central 
Asia, It IS necessary to mention the works of E I Mar 
tsmovsky, V L Yakimov, Y N Pavlovsky, N I Khodukin 
I I Gitelson, N I Latyshev and A P Kryukova P P 
Perfilyev, Y P Vlasov, P A Petnshcheva, L M Isiyev 
A S Artamonov, P V Kozhevnikov, N F Rodyakin 
L F Burova, I S Kassirsky, V P Petrov, M S Sofiev, 
F I Shevchenko, and many others A large number of 
other workers, such as S P Kandehki, A A Mirzayan 
P P Popov, G M Maruashvili, are known for their re- 
search on leishmaniases in the Transcaucasia 

New directions in the study of cutaneous leishmaniasis 
were initiated by the works of Y P Vlasov (1929 1937) 
and P A Petnshcheva (1930 1957) For the first time m 
world science, these authors proved that sandflies— vec- 
tors of the disease— inhabit, oviposit and develop m the 
burrows and lairs of wild animals The works of these 
authors paved the way for the discovery of the reservoirs 
Investigations in the field were prompted by numerous 
facts of mass infection with cutaneous leishmaniasis among 
new arrivals m unpopulated desert and semi desert areas 
For the first time, the incidence of cutaneous leishmanj 
3*51$ in nature was brilliantly demonstrated by the works 
of expeditions under N I Latyshev 

Individual Forms of Cutaneous te/sfimanfasfs 

As proposed by P V Kozhevnikov, two types of cuta 
neous leishmaniasis are distinguished in the U S S R , the 
first an acutely necrotic zoonosis, known as desert or 
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rural leishmaniasis or Pendmski ulcer, and the second, an 
anthroponosis with delayed ulceration known as the urban 
type 


Zoonose Type Cutaneous Leishmaniasis 

The causative agent is Lcishmania tropica major 
(V L Yakimov, 1915) The incubation period is short (1 to 
4 weeks) The disease develops rapidly, beginning with 
the appearance of an infiltrate Ulceration starts after 1 
to 3 weeks, the ulcers occurring on the lower extremities 
more often than on the face The duration of the disease 
IS from three to six months Severe mass outbreaks are 
not uncommon The reservoirs are wild rodents inhabiting 
the desert The disease is prevalent m rural localities 
suburbs and deserts The first extensive outbreaks on 
record took place in 1885 among Russian troops stationed 
in the Murgab district, afflicting up to 85 per cent of per 
sonnel in diverse detachments Considerable outbreaks 
were noted among French troops during the invasion of 
Algeria, especially in the Hafsah and Biskra oases Physi 
Clans often named the ulcers after the localities where 
cases were recorded 

Urban Cutaneous Leishmaniasis 

Causative agent — Leishmcnia tropica minor (V L Ya 
kimov, 1915) Incubation period prolonged (from two to 
six months and up to one, two or more years) The ulcer 
develops slowly, three to six and more months passing 
until the small, hardly visible brownish swelling shows 
signs of ulceration Usually, ulcers form on the face, less 
often on the legs On healing, the ulcer leaves a scar 
Mass epidemic outbreaks are rare 
Among animals, the red tailed gerbil and short tailed 
bandicoot rat are known to be susceptible to this type of 
pathogen (E M Belova, 1955) Newer works on animal 
susceptibility have not been published Several authors 
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obtained negative results with old animals which died 
prior to the end of incubation It is safe to assume, how 
ever, that the list of animals susceptible to this form will 
increase with the number of properly staged experiments 

The pnncipal reservoir of the infection is considered 
to be the human patient The persistent ulcers are subject 
to frequent contact with sandflies, which after a suction 
become pathogen carriers and may infect healthy people 
For this reason the variety of leishmaniasis producing 
delayed ulceration is classed as an anthroponosis The 
pathogen circulates through the chain patient-* sandfl>-* 
healthy individual 

The possibility of diseased dogs acting as reservoirs 
cannot be ruled out, considering the frequent coincidence 
of cases m the former and man In experiments staged by 
V P Kozhevnikov, N V Dobrotvorskaya, A N Sokolova 
and A A Shakhova (1937), white mice proved low sen 
sitive to urban t>pe strains of leishmanias, and highl> 
sensitive to those of the zoonose or desert type The prin* 
cipal vectors of the disease are considered to be Phfebot 
omus sergcnti and Ph papatosii, which are both prevalent 
in the foci of infection The same species displayed marked 
susceptibility to infection with pathogen strains of the 
urban type (E M Belova, 1955) 

Post convalescent immunity is fairly stable, and may 
likewise be produced by inoculation with live cultures of 
zoonose and urban strains Injection of live cultures of 
the zoonose type imparls immunity to both forms 
(N F Rodyakm, 1955) 

Therapeutic measures are elaborated insufficiently The 
four to five per cent solutions of acrichine used in the 
USSR have brought some success The efficiency of 
acrichine therapy depends on promptness of application 
Primary papules may be cured by mtraculancous injection 
of acrichine in the first one to three months after ap 
pcarance 



American Cutaneous Leishmaniasis 


Synonyms espundia, mucocutaneous leishmaniasis, 
Brazilian cutaneous leishmaniasis, buba brasiliana, Leish- 
maniosis amencana, forest yaws, leshmaniose forestiere 
americame 

This type of leishmaniasis is prevalent in the humid 
forests of Central and South America The infection is 
most widespread among lumbermen, affecting the mucous 
membranes of the nose, pharjmx, larynx, and mouth, the 
lesions extending to the cartilage and bones The disease 
may continue for two, three and more years, leading to 
severe exhaustion and death The infection doubtlessly 
belongs to the class of diseases with natural foci, as in 
terpreted by the theory of Y N Pavlovsky The reservoirs 
are apparently certain species of wild forest mammals, 
the vector being sandflies In urban localities it is rare 
Prevention measures are not elaborated S Pessoa 
(1958) considers that vaccination could be an effective 
safeguard for lumbermen 

Sudanese cutaneous leishmaniasis Synonym nodular 
cutaneous leishmaniasis Suspected causative agent — 
Lcishmonia ndotica Brumpt, 1913 
The independence of the species is disputed 
The external manifestations present nodules which com 
monly do not ulcerate Research has been inadequate Dis 
tribution Sudan and Egypt 


Causative Agents 

The causative agents are Lcishmania, a genus of the 
family Trypanosomidae, order Protomonadida, class Fla 
gellatae, phylum Protozoa (Fig 35) 

During their life cycle, Leishmania develop two forms, 
the leishmanial (in vertebrate hosts) (Figs 36 and 37) and 
leptomonad (in the intestine of Phfebotomi and in culture) 
(Figs 38 and 39) 
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Fig 35 Systematic status of leish- 
mamas m fam Trypanosomidae 
a — leishmania, b— leptomonad, 
c— cnthidia, d — trypanosome 



Fig 3G Position of leish- 
mamas in cell 



Fig 37 Reproduction of leish- 
manial forms 



Fig 38 Leptomo- 
nad forms of leish’ 
manias 



Fig 39 Position of leishmanias in sandfly Intestine 
(M A Shoshina) 



The genus Leishmanta includes the following species 
(1) group tropica. L tropica with two subspecies (see 
further), L brasiliensis with several subspecies, (2) group 
donovani, including L donovam, L infantum, L donovani 
var archifaaldi, L d var chagasi The species occurring 
m the USSR are L tropica (with two subspecies) and 
L donovani 


&aslc Specific Characteristics 

Leishmania tropica Wright, 1903, is the causative agent 
of cutaneous leishmaniasis By its biology and morphology 
(as noted by V L Yakimov in 1913 1915) it may be divided 
into two subspecies 

(a) L tropica ma;or YakimofF, 1915 — the infective agent 
of the zoonose (desert or rural) type of cutaneous leish 
maniasis The parasite is 5 5x4^ m size, oval in shape 
The protoplasm frequently contains vacuoles On fixed 
and stained smears, the nucleus appears to be of loose 
structure In white mice causes lesions of the skin Sub 
cutaneous mjection frequently results in the development 
of generalised infection In nature occurs m gerbils, thin 
toed susliks and hedgehogs Lesions develop on the ears 
eyes and nose of animals 

(b) L tropica minor Yakimoff, 1915 — the causative 
agent of urban cutaneous leishmaniasis Size 4X3 1 / 
shape— elongate oval Protoplasm homogeneous, nucleus 
compact White mice not susceptible The disease is an 
anthroponosis 

L brasdicnsis Vianna, 1911— causative agent of South 
American cutaneous leishmaniasis At present, investi 
gators of South American cutaneous leishmaniasis distin 
guish three species of the pathogen (see Floch, 1957) The 
group tropica should apparently include a whole senes of 
other subspecific categories viz , different geographic and 
ecologic races of leishmanias 
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Lmshmania doriovant Laveran et Mesnil, 1903, is mor 
phologically similar to L tropica ma;or L donovani affects 
the viscera, i e , the liver, spleen, marrow, etc The pirasue 
reproduces m the protoplasm of Kupffer’s cells, macro 
phagues and other phagocytes Here it at times appears in 
enormous quantities, destroying the cells and penetrating 
into fresh ones Isolated specimens occur m the blood 
plasm and leukocytes In smears and thick films, however, 
they are observed seldom Occasionally, the presence of 
leishmanias may be detected by inoculation of blood into 
different media (see further) 

In various parts of the globe, the reservoirs of L dono 
vani are man (India), dogs (Mediterranean area, Central 
Asia), or wild animals Accordingly, the anthroponose 
and zoonose types of visceral leishmaniasis are distm 
guished 

Apart from the animals already mentioned, white mice, 
hamsters, susliks, cats, apes, and certain others also proved 
susceptible to L donovoru In some of them the disease 
becomes generalised However, experimental infection of 
animals is not always successful As m cutaneous leish 
maniasis, the species L donovani may be divided into 
several smaller independent categories, or geographic races 
Some authors have even classed the latter as indcpend 
ent species, such as L m/antum Nicolle, 1908 (the caus 
ative agent of Mediterranean visceral leishmanhsts) 

L donovani chagasi Cuhna et Chagas, 3937 (the pathogen 
of South American viscera! leishmaniasis), etc As regards 
the independence of L cams Nicolle, 1908 (L tropten v 
canma Yakimoff, 1915) — the causative agent of canine 
leishmaniasis this species should be referred to the syno 
nyms of L dono\ am 

Morpholof} of Leishmanial Forms 

In the bodies of mammals, including man, these parasites 
occur only as non flagellate forms 
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The parasites usually reside m the protoplasm of van 
ous phagocytic cells of the skin or mucous membranes 
(in cutaneous leishmaniasis), and the liver, spleen, marrow, 
etc (as in visceral leishmaniasis) In the blood cells they 
occur in small quantities and far from regularly On des 
truction of the cell protoplasm, the parasites penetrate 
into the interstice spaces where they he in free order 
Their shape is oval or round, size 2 to 6x 2 to 3[i (see 
above) On the surface, the parasite is covered with a 
thin membrane called the pellicle 
The protoplasm is more or less homogeneous and in 
eludes vacuoli The Romanowsky Giemsa stain produces 
a bluish colouring The nucleus is located in the centre, 
being round in shape and 1 5x2 5^ in size In dry stained 
preparations its shape often appears to be irregular, which 
IS due to fixation and desiccation When fixed by the wet 
method, the nucleus shows a typical bubble like structure 
The Romanowsky Giemsa stain produces a ruby red col 
our A highly typical feature of leishmanias is the presence 
of the blepharoplast, which is shaped as a short stick with 
rounded ends The blepharoplast usually stains deeper 
than the nucleus (see Fig 35) 

Reproduction takes place by means of binary longitudi 
nal fission At first, the blepharoplast increases in length, 
then it divides, which is followed by fission of the nucleus 
and, finally, the entire body (Fig 37) This process devel 
ops in the protoplasm of the reticulo endothelial cells 
Leishmanial fission is presented in Fig 37 The parasites, 
closely packed m a single cell of the host, may produce 
an impression of multiple fission The schizogonic process 
described by certain authors is apparently the result of 
an error By multiplying and filling the protoplasm, the 
parasites destroy the host cell, passing into the interstice 
and invading other adjoining ceffs 
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Development of Lelshmanhs In the Vector ‘ ' 

The first to discover kptomonads in the intestine of 
Phfebotomus in 1914 was C. Wenyon, working at the time 
in Aleppo. However, the idea of the importance of these 
insects in the spread of leishmaniases was expressed ear- 
lier by Pressat (1905) and bros. Ed. and Et. Sergent. Ex- 
perimental infection of man with leptomonads from Phic- 
botomus was effected by bros. Sergent, Donatien et aj., 
in 1921. 

Phicbotomus attacks the open parts of the body (the 
nose and lips of dogs, ears, nose and eyelids of rodents), 
and, piercing the skin with their suction organs, pump out 
not only the blood, but the tissue fluid as well. As a result, 
solitary leishmanial forms or the host’s phagocytes packed 
with the former, enter the sandfly's alimentary tract. 
Within the latter, the leishmanlas develop into leptomon- 
ads, which occupies approximately the first 20 hours. 
After a time, the leptomonads penetrate from the mid- 
intestine into the pharynx (Fig, 39) or mid-intestine. At 
sandfly bites, the leishmanlas may enter the wound and 
infect the victim — man or susceptible animals. Apart from 
that, infection in cutaneous leishmaniasis takes place 
through penetration of ieptomonads into the wound (at 
bites or scratching) from the sandfly’s mid-intestine 
(M. A. Shoshina, 1953). 


ISTorphology of teptoraonad Torms 

In the intestinal channel of the vector, as well as in 
culture and citrate blood, leishmanial forms develop into 
leptomonads (Fig. 38). The latter's body is spindle-shaped 
one end tapering and Che ofAer blunt, W to 25^ }oos 
and two to four wide. The nucleus lies in the middle of 
the body, the blcpharoplost being noticeably anterior, of 
a shape and size roughly the same as in leishm.inias. A 
flagellum 15 to 20 {j. long stems from the bicpharoplast. 
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It should be borne in mind that, apart from leptomonads, 
closely related protozoan forms of the genera Leptomonas 
and Herpetomonas may likewise occur in the intestine of 
many insects. These, however, are not pathogenic to mam- 
mals, but are merely commensals inhabiting the intestinal 
lumen of certain invertebrates. 


CUTANEOUS LEISHMANIASIS 
Diagnosis 

The causative agent of cutaneous leishmaniasis may be 
detected in a patient’s skin at the site of the primary le- 
sion. When investigating lesions in the early state (papules), 
the area concerned should be wiped with alcohol, apply- 
ing a sterile syringe with its needle pointing towards the 
middle of the papule. The obtained sample of serous-san* 
guinolent fluid is used in smears prepared by the usual 
procedure, and is inoculated into a culture medium with 
antibiotics to obtain leishmanial cultures. In mature ulcers, 
leishmanias are impossible to detect owing to profuse 
bacterial flora and intensive cellular disintegration. The 
edge of the infiltrate or papule is squeezed by the fingers, 
making a small incision with a scalpel, taking care to 
avoid hemorrhage. With the tip of the scalpel, a sample 
of the sediment is taken from the walls and bottom of the 
incision. Occasionally, the needle is introduced into the 
edge of the ulcer remaining intact, pointing in the direc- 
tion of the bottom. The obtained drop of liquid or scraping 
is used for smears and culturing. 

Investigations on Wild Animals In Foe! of 
Cutaneous Leishmaniasis 

N. I. Latyshev and A. P. Kryukova (1941-1953), and a 
number of other workers, demonstrated that the principal 
host of Leishmania tropica major, the pathogen of zoon- 
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ose type cutaneous leishmaniasis, is the large gerbil Less 
important in this respect are other rodents, such as the 
red-tailed and midday gerbils, and the thin toed suslik 
Leishmanias were likewise revealed in the long eared 
hedgehog 

Experiments and observations in nature carried out b> 
L N Yeliseyev and G A Sidorova (1958), and other au- 
thors, showed conclusively that m large gerbils, the leish- 
manial process is mostly localised m the auricle, and less 
frequently on the nose and eyelids The disease m these 
animals proceeds for more than one and a half jears 
In gerbils, the pathologic process mostly develops on the 
auricle — areas almost completely free of hair and easily 
accessible for sandfly bites — and may be divided into the 
following stages (a) initial— infiltrate, (b) intermediate — 
abscess, and (c) final— healing The same authors find 
that ulcers do not develop in animals 

In the initial stage, a leishmanioma two to five mm in 
dn forms, which is demonstrable only by palpation The 
skin on the ear is usually infiltrated both inside and out- 
side the auricle On incision, a small amount of liquid is 
exuded The abscess is easily noticeable, having a smooth, 
dark brown surface At palpation, the consistence of the 
leishmanioma proves to be soft or pastose An incision 
reveals a small cavity filled with pus The associated des 
truction of cartilage leads to deformation of the auncle 
The healing stage is marked by the reduction and disin 
tcgration of the leishmanioma and disappearance of the 
infiltrate On the site of the tumor remains a spot of black 
pigment Smears prepared from the liquid or pus in all 
stages reveal typical leishmanias (L N Yeliseyev and 
G A Sidorova, IS5S} 

Animals are tested for leishmanias on smears of the 
liquid or pus obtained from the tumor by Incision The 
latter are spread over slides then dried and treated b> 
the usual procedure (fixation Romanowsk> Giemsa stun 
ing) In some cases, the content of the abscess cavity m3> 
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be scooped out for smears Lesions on other parts of the 
body are rare 

It should be borne m mind, that the auricles of rodents 
not infected with leishmaniasis are the frequent feeding 
site of various stages of Ixodidae When the ticks drop 
off, a small depression may be seen at the site of attach 
ment, produced by the piercing apparatus of the tick, as 
well as an infiltrate The latter should not be confused 
with the infiltrate developing in leishmaniasis (L N Yeli- 
seyev and G A Sidorova, 1958) 

Apart from smears, leishmanias may be revealed by 
biopsy from the affected part, the pieces obtained being 
cast in paraffin and used for preparing microscopic sec- 
tions by the conventional histologic procedure The liquid 
and a suspension of scrapings from the affected parts may 
serve for culturing leishmanias 

f 

Natural Focality of Zoonose Type Cutaneous 
Leishmaniasis 

As early as in 1939, by analysis of epidemiological and 
epizootological relationships on the materials of various 
expeditions, Academician Y N Pavlovsky was able to 
refer the desert type of cutaneous leishmaniasis to the 
category of diseases with natural foci 
The zoonose type of cutaneous leishmaniasis exists in- 
dependently from man in unpopulated deserts and semi- 
deserts, the pathogen being circulated from diseased to 
healthy animals through the agency of sandflies in the 
active period of their life During interepidemic periods, 
the pathogen is maintained not m the vector, but in the 
bodies of wild animals inhabiting the natural foci, and in 
anthropurgic foci — in human and canine ulcers Man con- 
tracts the disease when visiting focal areas during the 
period of sandfly activity, the latter receiving the leish 
manias from wild animals. The disease affects non im- 
mune individuals 
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Fig 40 Colonies of large gcrbils in semi-deserts of Kopet 
Dag foothills Natural focus of cutaneous leishmanias s 
and sandfly fever (P A Petnshche\a) 



Reservoirs of the Pathogen In Nature 


The natural biotopes of cutaneous leishmaniasis may 
be the burrows and shelters of wild animals susceptible 
to the infective agent. The indispensable components of 
biocenoses in such burrows, apart from susceptible ani- 
mals (mammals), are sandflies as the permanent ectopar- 
asites of the latter, arid the causative agent proper. Cu- 
taneous leishmaniasis is an obligate transmissive disease, 
whose pathogen may be transmitted only through sand- 
flies. 

The completest studies of the pathogen reservoirs of 
cutaneous leishmaniasis have been made in the U.S.S.R. 
The first to approach the solution of this problem was 
N. I. Latyshev et coll. In 1937, while working in Turkme- 
nia, this author found a large gerbll infected with cutane- 
ous leishmaniasis. The said discovery was soon followed 
by others. In 1938, an expedition to the Murgab oasis 
(Turkmenia) led by N. I. Latyshev established that 67 per 
cent of the population of red-tailed and large gerbils were 
infected with cutaneous leishmaniasis. In the same year 
the disease was revealed in a thin-toed suslik. Subse- 
quently, investigations on gerbils for detecting natural foci 
of leishmaniasis became a matter of routine. 

The large gerbil (Rhombomys opimus Licht.) is a com- 
mon inhabitant of the deserts and semi-deserts of Central 
Asia. The animal lives in colonies, whose burrows pene- 
trate the soil in all directions, reaching a depth of one to 
three metres (Fig, 40). In some colonies the disease afflicts 
the entire population, in others the incidence is very low 
(one or five per cent of the animal population), despite 
the abundance of sandflies in the burrows. The explana- 
tion of this phenomenon has not been found. In experi- 
mental conditions, the large gerbil is highly susceptible 
to different modes of infection (inoculation with leptomon- 
ad cultures, transplantation of pieces of leishmanial tu- 
mors, sandfly suction). 



The red-tailed gerbil (Meriones erythrourus Gray) forms 
considerably smaller colonies, mostly in the neighbour- 
hood of cultivated territory, on wastelands, in villages and 
city suburbs. The animal is highly sensitive to infection 
with cutaneous leishmaniasis, although diseased specimens 
in nature are extremely rare. Apparently, this is explained 
by less frequent contact with the vector. Despite that, the 
red-tailed gerbil may maintain foci of cutaneous leishman- 
iasis (Figs. 41, 42). 

Considerably less important in the epizootology of the 
disease is the midday gerbil (Meriones meridianus Pallas) 
and tamarisk gerbil (Meriones tamariscmus Pallas), despite 
their high susceptibility to infection in experimental con- 
ditions. In foci situated in the upper reaches of the river 
Amu-Darya, the percentage of diseased midday gertiils 



Fig 41 Small isolated towmship in Kopet-Dag foothdls 
sandflies issuing from burrows of red tailed gefbils Cases 
ous leishmaniasis and sandfly fe\er noted among pop 
(P A Petnshche\ a) 




Fig 42 Crude temporary structures on mountain pastures used as 
storm shelters for lambs Mass mfestment wth sandfl es and many 
exit holes of red tailed gerbil burrows Cases of cutaneous leish 
maniasis recorded among shepherds (P A Petrishcheva) 


was three seven (N I Latyshev, P V Kozhevnikov 
T P Povalishma, 1953) Only one diseased specimen of 
the tamarisk gerbil was found in the lower reaches of the 
same river in 1951 (P A Petrishcheva) 

Readily susceptible to the infection is the thin toed sus 
Ilk (Spermophdopsis lepfadactyhis Licht ) Spontaneously 
infected specimens of the latter occur less frequently 
than in the case of the large gerbil Likewise highly sus 
ceptible IS the short tailed bandicoot rat (Nesohia tndica) 
the large Transcaspian hedgehog (Wcmiec/iinus albuhis 
major), domestic mice {Mus mwsculus sevcrfzovi and Mus 
musculus.t the small hamster ^Cricetulus mi^raforiiis)^ 
lemmings (Lagurus lagiirus) the rat like hamster (Cnee 
tulus triton) The latter two do not occur in foci of cuta 
neous leishmaniasis but may be used as laboratory mod 
els for experimental studies on cutaneous leishmaniasis 
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Vectors 


The vectors of the leishmaniasis pathogen are Dipfcra 
of the family Psychodtdae, subfamily Phlebotominae 

Over 300 species of Phlebotominae have been described, 
being distributed in all warm parts of the world The in- 
sects occur only in areas with no less than 50 warm days 
(the life cycle of a single generation) where the tempera- 
ture does not fall below 20^ C for any considerable length 
of time In the eastern hemisphere the insects are mostly 
found in and regions, while in the western, contrariwise, 
they inhabit humid areas, mostly forests, subtropical and 
tropical regions 

In the USSR sandflies are spread through Turkmenia, 
Uzbekistan, Tajikistan, southern regions of Kirghizia and 
Kazakhstan, the republics of the Transcaucasia, the Cri- 
mea, southern Ukraine, and Moldavia The species most 
typical for the USSR are Ph papatosn Scop , Ph ser 
gentt Parrot, Ph caucastcus Mrz , Ph chinensis Newst Al- 
most all the species encountered in the fauna of the 
USSR may occur in abundance in large urban and rural 
settlements, as well as on uncultivated terrain m nature, 
where their entire life cycle is connected with wild ani- 
mals 

According to the new classification (O Theodor, 1948) 
the sandflies of the USSR are referred to two genera 
Phlebotomus and Sergcnfomyia The former includes four 
subgenera (1) subgenus Phlebotomus with one species 
Ph papatasii Scop , (2) subgenus Paraphlebofomus Ph 
sergenti Parrot, Ph caucosicus Marzmovsckyi, Ph mon 
golensis Smfon, Ph alexandn Sinton, Ph andrejevi Sha 
kirzjanova, (3) subgenus Laroussms Ph major annandah\ 
Ph pemtciosus Newstead, Ph feandclahii Schurenkowa, 
Ph smirnovi Perfiliev, Ph kcshtshiam Schurenkowa Ph 
perfilievi Parrot, Ph perfihevi var transcaucosicus Perfi 
hev Ph tobbi Adler &Theodor. Ph ucnyom Adler &Theo 
dor, (4) subgenus Adferms Ph chinensis Newstead Tlic 



Fig 43 Sandfly infested cave m Kopet Dag foothills near Bagir 
(Turkmenia) leptomonad mfected sandflies revealed 
(P A Petrishcheva) 

genus Sergcnfomyia includes two subgenera (1) subgenus 
Scrgentomyia with the species Ph orpafelensis Perfiliev, 
Ph graekovi Chodukm, Ph sogdtana Parrot, Ph sumbanca 
Perfiliev, Ph pavlovskyi Perfiliev, Ph mmutus Rondani, Ph 
squamipleuns Newstead, (2) subgenus Sintonius with one 
species Ph clydei Sinton 

Of these, seven species have been described by Soviet 
authors Sandflies are widespread in undeveloped nature 
throughout a variety of zones in the subtropical regions 
of the Soviet Union, including all types of torrid deserts, 
semi deserts and steppes, woodland and* scrub, the banks 
of rivers, irrigation canals, spnngs, etc A rich sandfly fau- 
na has been discovered m the alpine regions of the re- 
publics of Central Asia (Figs 43-45) 





F g 44 Crude structure used as n ght shelter for goats tn Kopet 
Dag mounta ns abound ng in sandfles com ng from burrows for 
blood meals (P A Petrishcheva) 



Fg 45 Dajtme shelters of sandfles under scattered boulders In 
unpopulated mounta ns southwestern Kopet Dag 
(P A Petrishchei.a> 



Fig. 46, Sandfly Inhabited hollow In old walnut-tree 
(P. A. Petrishcheva). 


At present more than 300 species of animals and birds 
have been discovered, whose nests, burrows, lairs and 
shelters are inhabited by sandflies. The greatest abundance 
of sandflies occurs in the lairs and burrows of large ani- 
mals such as the fox, wolf, jackal, porcupine, large gerbil 
fRhombomys opimus Lichh), etc. Mass reproduction of 
sandflies is possible in caves and grottoes inhabited by bats, 
lizards and other animals (Figs. 46-48). 




Fig 47. Second year of cultivation m small area of Central Kara* 
Kums Recently constructed homes infested by sandflies Human cases 
of cutaneous leishmaniasis on record (P. A Petnshcheva). 


Mass hatching of Phlebotominae, testified by findings 
of larvae, pupae, and the occurrence of newly-fledged spec- 
imens, was recorded in the following places: (1) in settle- 
ments — in wall cracks and burrows of rodents, hedgehogs, 
and tortoises, in damaged wall bases of different buildings, 
m the basements of dwellings and service buildings, in 
half-ruined tombs in cemeteries, in burrows and fissures 
in yards, gardens and orchards (Figs. 49-50); (2) in nature — 
in the burrows of the targe gerbtl and short-tailed bandicoot 
rat (Nesofeia tndica) where, occasionally, from 400 to 500 
larvae and pupae are found per burrow; hatching may 
also occur in the burrows of the grey rat, caraco rat and 
other wild animals, (3) in birds* nests, P/ifcbotom/noc re- 
produce comparatively seldom 
Among the Phlebotominae of the U.S S R. the following 
are vectors of zoonose cutaneous leishmaniasis: Phleboto- 
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mus sergenti, Ph aleyuindn, Ph caucasicus, Ph mongo- 
lensis, Ph papatasii, S arpaklensis, S sumbarica, S clydet, 
Ph kandelahii, S graekovi Spontaneous infection was 
revealed in specimens of these species captured in the bur- 
rows of gerbils affected with cutaneous leislimaniasis 
Many of the aforesaid likewise proved susceptible to ex- 
perimental infection A P Kryukova (1941) working m 
laboratory conditions, demonstrated the transmission of 
cutaneous leishmaniasis during the blood meals of Ph pa- 
patasn 

The incidence of spontaneous infection among mdmdual 
sandfly species in natural foci may reach high levels, and 



Fig 48 Loess cliffs m lower reaches of the Artek river Fissures and 
caves abound in sandflies Cases of cutaneous leishmaniasis noted 
among population (P A Pctrishcheva) 



Fig 40 Rums of ancient bu Id ng in des‘'rt-“ liarbourage of sandfl es 
(P A Petnshcfieia) 

generally coincides with the same m the large gcrbil Thu*; 
in south eastern Turkmenn the total incidence of cuta 
neous leishmaniasis among large gerbils comprised 3S 6 
per cent ^vhlle the incidence of the leptomonad stage m 
the bodies of Ph papatasu and Ph caucastcus from the 
same burrows comprised 23 per cent (N I Latyshev 1941) 
In southwestern Turl menia the sicl rate among large 
gerbils comprised 35 3 per cent while leptomomd carriers 
among Ph arpaklcnsis from the same colonies comprised 
48 per cent (L G Suvorova 1933) In the Transunguz 
Kara Kum desert morbiditv among large gerbils comprised 
only 5 per cent while the corresponding proportion of lep 

305 



tomonad earners among Ph caucasicus from the same 
burrows reached an average of 20 percent (A P Kryukova 
M A Shoshina L G Suvorova 1952) 

Collection of Vectors in Nature 

The problems of sandfly faunistics biology and ecology 
and the study of the incidence of leptomonad infection 
among the former are of primary importance for the 
epidemiology of leishmaniasis The collection of mature 
sandflies in their natural habitats is essential for determin 
ing their fauna in the given area as well as their seasonal 
population dynamics with a view to discovering the food 
predilections of individual species the percentage of lepto 
monad infected specimens etc 




Research m the vector’s ecology and the development 
of CO ordinated sandfly control necessitates the capture 
of live animals, the establishment of the breeding sites 
of Phlebotomus and the discovery of their pre-imago 
stages 

The capture of Phlebotomi is effected ^vlth the following 
equipment 

(1) Two cylindrical cases of rust-proof tin or aluminium 
to contain sheets of glue paper One of the cases should 
contain fresh paper, and the other, used sheets with sand- 
flies captured during an expedition 

(2) Army type spade for excavating the entrances of 
animal burrows, cavities and fissures m buildings and 
other places harbouring sandflies 

(3) Scoop of strong metal on a long collapsible handle 
(or common table spoon) for extracting burrow content 

(4) Canvas, leather or artificial leather field bag with the 
following notebook with soft black (non-lead) pencil, flat- 
bottomed test tube or box with strips of thick white paper 
for labels, flat bottomed entomological test tubes for col- 
lecting sandflies, several glass creel shaped exhausters or 
sandfly-catchers, with a device for inhahng the insects by 
means of a rubber tube, insect killer with potassium cya- 
nide or chlorophorm for collecting \arious arthropods in- 
habiting sandfly infested biotopes, hygroscopic cotton wool 
for pads, tweezers, pocket knife and scissors For momen- 
tary fixation of indwidual sandfly specimens collected m 
the most interesting biotopes, the field bag should be 
stocked with micro test-tubes (2X0 5 cm), jars with 06* 
and 70'’ alcohol and bottles with a 1 1 mixture of glycerin 
and alcohol For collecting sandflies by the wet technique 
3t sheiier exits, a psint'brvsk or cotton wooi ped on a 
stick IS required For short excursions, the said equipment 
is augmented by an entomological insect net for collecting 
winged insects 

The most popular technique for collecting insects is 
by the use of glue paper Employing this method P A Pe- 



tnshcheva succeeded m demonstrating the distribution of 
sandflies through a wide variety of natural biotopes m 
Turkmenia, determining the seasonal and annual fluctua- 
tions m the fauna of the vectors, the range of their flight 
over different types of terrain, and many other important 
Items cpnceming the ecology of these insects The glue- 
paper technique may serve to obtain objective estimates 
of the efficiency of sandfly control (Y N Pavlovsky, 
A V Gutzevich, P P Perfilyev, 1937, V Y Podolyan, 
1947, P A Petrishcheva, 1952, V M Safyanova, 1954, et 
al ) Glue paper may be used to catch sandflies m burrows, 
fissures and cracks in rocks, caves and other harbourages 
Careless removal of the sandflies from the glue paper may 
damage the hairs and sometimes the legs of the insects, 
but all the chitinous parts essential for identification remain 
intact Glue paper is made with the use of different oils, 
mainly castor oil To increase the viscosity of low- 
viscous spmdle oil, it is advisable to add 25 to 60 gr of 
rosin per litre of the former Vaseline oil may also be used 
with the addition of 160 200 gr of rosin per litre Low- 
grade oil paper is the best material for the base Very soft 
paper is not strong enough and quickly dries, the use of 
thick paper is inadvisable, since it takes a lot of oil and 
disintegrates 

The glue paper should be bung up in such a way as to 
utilise both surfaces 

The sheets are suspended m the places of expected day 
and night time maximum concentration of sandflies, and 
across their customary flight routes The glue paper should 
be hung up near live bait, eg, birds’ nests, rodent bur- 
rows, cattle stables, and close to human bedrooms For 
capturing sandflies in their natural harbourages, the glue- 
paper IS placed m niches, caves and fissures, or folded in 
tubes and put into the entrance holes of the burrows of 
wild animals and birds 

For collecting sandflies m the corners of rooms with 
high walls, Y N Pavlovsky <1942) proposed a racket like 
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device comprising a plj-wood panel 30X40 cm in size se- 
cured to a long wooden handle and covered with sticky pa- 
per. By running the racket along the walls at right angles 
to their surfaces, it is easy to catch insects about to fly, 
the latter getting stuck to the surface of the device. On 
removing the captured insects from the paper, it may be 
used again. Re-oiling requires considerably less oil. 

Sandflies are removed from glue-paper in the laboratory 
by use of a fine paint-brush or a thick pad of cotton wool 
held at the end of ophthalmological tweezers and dipped 
into 96° alcohol. By means of the paint-brush the insects 
are transferred into small entomological test-tubes with 
alcohol of the same strength. The sandfly lots collected from 
each control point are placed into separate test-tubes pro- 
vided with labels. The test-tubes with collected sandflje.s 
are plugged with firm wads of hygroscopic cotton wool 
dipped previously in alcohol, and are placed into a contain- 
er filled with 70’ alcohol and supplied with a tightly fit- 
ting cover. 

The solution of a number of problems regarding the 
ecology, biology and epidemiological importance of sand- 
flies (investigations on the gonotrophic cycle, food predi- 
lections, flight range, morbidity rate and many others) is 
impossible without the use of live insects. 

Live winged insects are caught by means of various 
traps. Sandflies sitting on open surfaces are inhaled by 
means of an exhauster, which presents a glass tube 15-20 
cm long with its fore end drawn inside in the shape of a 
funnel with an orifice 0.2-0.3 cm in dia. The open end of 
the exhauster is closed with a cork stopper, through which 
passes a thin glass tube five to seven mm in dia. witli 
molten ends. The end of this tube pointing into the trap 
is tied up with a piece of mill gauze, while a rubber tube 
of respective diameter and up to 1.5 cm long is closely 
fitted on the outer end. A sandfly sitting on an open sur- 
face is carefully covered with the funnel and drawn in 
by inhaling air through the rubber tube. Live sandflies may 



likewise be caught with common test-tubes, in which each 
captured insect is separated by a tightly rolled wad of cot- 
ton wool. This method, however, is much less productive. 

As demonstrated by P. A. Petrishcheva et coll. (1954), 
a highly effective means of capturing sandflies abandoning 
daytime shelters in the evening and night, are different 
traps barring the entrance to the harbourage. The traps to 
be used for this purpose may be of several types. 

(1) Cylindrical, of white tin. 15 to 30 cm long and 7 to 
10 cm in dia. (Fig. 51). These traps are the most convenient 
device for catching sandflies in rodent burrows and birds’ 
nests. One end of the cylinder is shut by a lid, to which is 
soldered a funnel-shaped creel with a flight opening 0.3 cm 
in dia., pointing into the trap. Soldered to the other end is 







FiK. 51. CjlindriMl traps for collecting s.andflies leaving burrow<^ 
(V. M. Sa^anova). 



a fine meshed metal net permitting free access of light 
and air into the trap The trap may be used for collecting 
sandflies leaving and entering the burrow In the former 
case the creel-shaped end of the trap is inserted in the 
hole, and in the latter — ^vice versa On insertion, the trap 
should be covered with earth so that no sandflies penetrate 
between the walls of the burrow and the trap 

(2) Sandflies issuing from a burrow may likewise be 
caught by traps in the form of wide funnels whose wider 
end (15 to 20 cm m dia) covers the entrance to the bar 
bourage, the narrower end being inserted in a test tube 
The test-tube may be substituted for a cloth bag with one 
side made of mill gauze, binding the bag to the tapering 
end of the funnel (Fig 52) 

(3) Creel shaped traps comprise a wire or wooden car- 
cass 25X25X25 cm m size, covered with fine-meshed net 
or transparent fabric (mill gauze) The trapping side is 
shaped as a creel and made of ply%vood, oil paper, tin, or 
celluloid At the end of the creel there is a hole 0 5 cm in 
dia The traps are placed over the burrows with their creel 
shaped ends upward m the hours preceding the sandflies’ 
twilight exit (Fig 53) 

The traps are installed before the beginning of twilight 
and morning flight of mosquitoes, m such a way that they 
should closely fit the burrow entrances If required, the 
device may be buried with earth To obtain viable insects, 
the traps are removed before sunrise or immediately after 
sunrise When carrying the creel to the laboratory, the 
sandflies should be protected from the effects of wind and 
sun, best of all in a bag cooled with a wet cloth or moist 
cotton wool 

Satisfactory results are obtained by capturing sandflie? 
in cloth traps shaped as bells or canopies of various form 
and Size These are employed for capturing insects emerg 
ing at sunset from such harbourages as wells, garbage 
pits, toilets, cellars, caves, grottoes, niches, etc , the en- 
trance to which is covered with the bell or net A bell 
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trap made on the pattern of Monchadsky’s counting bell 
(1939) modified by Berezantsev, may be used for estimat- 
ing the rate of sandfly attacks on a live object out of doors 
Besides man, the function of live bait may be performed 
by any large animal (the bell being made to correspond) 
Various methods have been developed for capturing 
sandflies in the night with the use of lighted screens of 
different shape and size (P A Petnshcheva, 1954) The 
source of light may be a shaded oil lamp, electric bulb, or 
torch In field conditions, it is convenient to resort to car 
headlights In nocturnal collections of sandflies resting on 
the walls of buildings, the purpose of a screen may be 
served by part of the \/aII illumined with an electric torch 
By use of electric lamp shades or reflectors, the size of 
the light patch on the illumined wall may be adjusted as 
required When collecting live sandflies within ser\jce 
areas, it is advisable to use an empty, well whitewashed 
room lit up with electric lamps The windows of the room 
are left open until 12 p m (the time of mass flight) The 
sandflies are collected from the walls by means of exhaust- 
ers or test tubes 

Control Posts for Collection of Mature Sandflies 

In order to determine the fauna and seasonal population 
of s-^ndflies in a gi\en area, regular collection should be 
00*^1 nued throughout the season, and in long term research, 
for several successive years at control points selected in 
advance and set up m vanous topographic zones of the 
area under study It is advisable to establish control points 
in premises and harbourages inhabited by live bait, eg, 
human dwellings, shelters for cattle and poultry', burrow; 
of wild animals, birds, reptiles, etc , which the sandflies 
use as daytime retreats 

Quantitative estimates of a sandfly population are taken 
observing the following rules 



1 Each control point is provided with a fixed number 
of sheets of glue paper to be hung up always in the same 
places and changed once m five to seven days throughout 
the season 

2 Hand collection is made after definite intervals at 
the same hour Maximum efforts are made to capture as 
many as possible of the sandflies occurring at the given 
moment in the place under survey When sandflies occur 
cn masse, their numbers are counted per 1 sq m on dif- 
ferent sections of the honzontal and vertical surfaces of 
the given premises It is desirable to conduct not less than 
10 such counts The control points selected are entered 
under the respective numbers m a journal, accompanying 
the entries with the characteristic features of each point 
Descriptions of control points should give the type of 
terrain, name of locality, character of biotopes, presence 
of vegetation, water reservoirs, lighting, humidity, tem- 
perature, natural hosts, and other aspects Subsequent 
observations conducted in the control point are recorded 
after the following form 
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When fixing collected sandflies in alcohol, the material 
should be supplied with labels carefully written m pencil 
(not lead') on strips of thick paper, or m Indian ink on oil- 
paper, which, however, is less convenient in field condi- 
tions 

Sample of label 

Ashkhabad 

Kitchen farm locomotive repair shop 
Control point No 19 
Pigsty May 24, 1953 

L I Ivanova 
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Location of Breeding Grounds and Collection 
of Pfe*Imago Stages 

Owing to Its considerable practical importance, the 
exact location of sandfly breeding grounds has long been 
a subject of interest for many authors The first to discov- 
er sandfly larvae m nature was Grassi (1907), •who found 
the larvae of Ph papatasn among the refuse in a dark 
abandoned cellar Marett (1911-1915) on Malta, Lambert 
(1918) on Lemnos and Hartley (1918) m Egypt discovered 
the breeding sites of sandflies in natural grottoes, wall 
fissures and destroyed foundations of human dwellings 
Later, the problem of breeding grounds was a frequent 
subject of study, and, it is necessary to say, a prominent 
part in developing the methods of detection belongs to 
Soviet authors 

In different climates, the location and basic types of 
breeding grounds tend to vary In tropical and subtropical 
regions with a warm, moist climate, a prevalent feature 
IS the diffuse distribution and superficial location of pre- 
imago stages, the breeding grounds covering large areas, 
mass congregations of individual specimens rarely occur- 
ring in single biotopes Inversely, in regions of hot, dry 
climate such as Central Asia and North Africa, sandflies 
breed in isolated shelters with a more stable microclimate 
The number of such shelters may be very high 
The simplest method of direct location is by manual 
sorting of substratum obtained from suspected breeding 
grounds and examined with a lens The presence of pre- 
imago stages or cuticles discarded during moults, may 
serve as direct proof of the existence of sandfly breeding 
grounds in the given place This method fully justified 
Itself m studies earned out m Central Asia (P A Peln 
shcheva, 1930, 1949, 1951, et al) However, in areas with 
diffuse location of pre imago stages, it proves too labo 
nous and insufficiently productive 
P Smith, Mukerjee and Chirangi, members of the In 
dran Kala azar Commission, working m Assam (1930) 



examined the material from suspected breeding grounds 
by washing the substratum on a series of sieves with suc- 
cessively diminishing mesh, treating the residue by flota- 
tion on a fine sieve A similar, though slightly modified 
method was employed by P A Petrishcheva and N G 
Izyumskaya in Sevastopol in 1936 By washing and sub- 
sequently submerging the substratum in a concentrated 
solution of salt, the authors managed to reveal 155 larvae 
and pupae of sandflies in material obtained from suspected 
breeding grounds, which at the time presented one of 
the most abundant finds 

In hot, dry localities, pre imago stages are located by 
excavating the burrows of wild animals, which is a highly 
laborious operation, consuming much energy and time. 

Work of this kind may be undertaken only with substan- 
tial reasons for suspecting the presence of sandflies breed- 
ing grounds in a given harbourage The content of excavat- 
ed burrows is put into bags of thick cloth, then firmly tied 
up and delivered as fast as possible to the laboratory To 
avoid the death of substratum inhabitants, the latter should 
be safeguarded against overheating and sunlight For this 
reason, excavation is best done in the early hours of morn 
mg 

Sorting IS expedited by use of different types of thermo- 
eclectors (P A Petrishcheva, 1954), whose operative prm 
tiple lies in the following The substratum is placed into 
wide funnels of white tin fixed m holders, piling the for- 
mer on to previously inserted pieces of large mesh metal 
netting The narrow end of the funnel is inserted into a 
jar with water or a weak solution of alcohol and glycerin 
If live material is required, an empty jar is partly filled 
with strips of filler-paper A powerful electric lamp is 
secured above the substratum, by means of which the 
latter is heated and dried Repelled by the high tempera- 
ture, the larvae and other substratum inhabitants move 
down the funnel and fall into the jar beneath 

In the works of P A Petrishcheva (1939) and others, 



the substratum from suspected breeding grounds was 
maintamej in a closed glass vessel in a normally moist 
condition The subsequent appearance of winged sand- 
flies on the walls of the vessel was assumed as proof of 
the presence of pre-imago stages in the initial substratum 
L V Burakova and A A Mirzoyan (1934) proved the pos- 
sibility of sandfly breeding m hencoops by comparing the 
rate of entry and exit of the insects m this type of har- 
bourage N I Latyshev and A P Kryukova (1940) proved 
the incidence of sandfly breeding m gerbil burrows by 
eliminating the biotopes suspected as breeding grounds, 
and subsequently observing the flight of sandflies m the 
adjacent township The authors poisoned the burrows 
with chloropicnn, after which they blocked them with sod 
After the elimination of breeding gfounds, the numbers 
of mature sandflies m the locality fell sharply, which led 
to a reduction in the incidence of cuianeous leishmaniasis 
(Turkmenia, Murgab river valley) 

An extremely promising method providing indirect proof 
of the presence of sandfly breeding grounds, is long term 
blocking of the entrances to harbourages (suspected bur- 
rows) with traps of various design This method, devel- 
oped by P A Petnshcheva et coll . was employed in in- 
vestigations on sandfly breeding grounds m Turkmenia 
and in Sevastopol (P A Petnshcheva and N G Izyum 
skaya, 1938 P A Petnshcheva, 1952, 1953, V ?.I Safja 
nova 1955) The procedure consists m blocking the burrow 
entrances for long periods of time with various types of 
traps The traps should allow free access of air and light 
into the burrow which stimulates the sunset activitv of 
sandflies If the entrance is blocked thoroughly enough 
all the insects leaving the burrow at twilight arc caught 
m the trap ' If breeding does not occur in the h irbourrge 
in two to three weeks all insects disappear Observations 


• The traps are checked only by da> wh^rj sand/if^s 1 eep to ibwr 
shelters 
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ot a single harbourage are continued for several months, 
the entrance being blocked afresh after every inspection 
The continued exit of males and young females from the 
harbourage throughout this period serves as conclusive 
proof of the presence of a breeding site 

Laboratory Procedures 

Specific identification of sandflies is carried out in the 
laboratory by means of a microscope For females, the 
basic diagnostic features are the structure of the oral 
cavity and pharynx, as well as the external sexual organs 
for males, the structure of the copulative organs and 
partly, of the oral cavity and pharynx, too Most types 
of males and all females may be identified only on total 
preparations 

In preparatory treatment of the masses of material usu 
ally handled in the foci of leishmaniasis, the method of 
choice IS casting in gum arabic mixture (Fore-Berlese s 
liquid) The gum mixture comprises 5 p distilled water, 
3 p gum arabic, 5 p chloral hydrate, and 2 p glycerin 
The ready mixture is filtered through glass wool at a 
temperature from 40 to 50®C Before casting the sandflies 
conserved in 90® alcohol are carefully washed in distilled 
water and then transferred into a five per cent solution 
of sodium alkali to obtain transparency At temperatures 
from 28 to 30*=^ C the latter process is completed within 
five to eight hours At room temperature the sandflies are 
kept in alkali for 24 hours After that the object is again 
ivashed in distilled water and transferred into a drop of 
gum mixture on a slide By means of two well sharpened 
Slid degreased needles the msect's head is cat off and laid 
beside the thorax m such a position that the capitular 
base should face upwards After that the drop of gum 
mixture with the spread insect is pressed down with a 
cover-glass 
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A still simpler method for producing sandfly prepara- 
tions is by confining them in Fore Berlese’s liquid (a mix- 
ture of 50 gr distilled water, 30 gr gum arabic, 250 gr 
chloral hydrate and 20 gr glycerin) The sandflies are trans 
ferred into a drop of the mixture directly from the alcohol 
m which they were stored All further operations are per- 
formed as described above The ready preparations are 
placed into a drying cabinet for 48 hours at a tempera 
ture of 40 to 60° C 

Apart from the above procedures transparency is ob- 
tained by treatment with lactic acid (heating the mixture 
over a small burner flame) and in mixtures with carbolic 
acid (or m carboxylol, chloral phenol, or chloral lacto 
phenol) 

The oral, pharyngeal and spermathecal structure is 
examined by staining, which renders the preparations 
more vivid and clearcut m roircroscopy A I Shchuren 
kova and A V Dolmatova (1938) proposed a procedure 
for simultaneous clarification and staining m a mixture 
of one ml pure formic and 20 per cent pyrogallic acids 
(two or three drops) The mixture is prepared before use, 
the insects being stained during 24 to 28 hours at a tern 
perature of 37° C 

By Nicoli s procedure (1954), dry and fixed sandflies are 
placed for one hour into a 10 per cent solution of caustic 
alkali heated to 70° C After cooling, the insects in the 
mixture are subjected to the effects of sunlight for three 
days Then they are washed and kept for an hour in a 
saturated solution of p)Toga!lic acid in alcohol For clari- 
fication, the insects are again left m the sun for three 
hours, pending which they are treated m alcohol xylol, and 
subsequently put into Canadian balsam 


GonotropWc Cjcic and Age of Fcinalc5 

Sandflies are noted for gonotrophic harmonj, i e , ali- 
mentation and development of eggs proceed in parallel 
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The insects have seven stages of alimentation, each cor- 
responding to a definite stage in the development of the 
Ovanes (A A Mir 2 oyan, 1937) In the course of the gono 
trophic cycle, changes occur in the Malpighian vessels and 
lubricating glands, which are filled with secrete parallel 
with the progress of blood digestion and development of 
ovaries 

By the method of A V Dolmatova (1949) the physio- 
logical age of female sandflies is determined through exam- 
ination of ovary structure The oviducts are examined 
within the sector formerly occupied by the mature ovule 
In females which have not laid eggs the ducts are smooth 
whereas after oviposition the latter for a time remain ex 
panded, and the ovaries, as it were, exhibit a net-like ap- 
pearance After a time, the oviduct walls contract, and 
during the first and second stages of the gonotrophic cycle 
expand again M A Shoshina (1951) proposed determm 
Ing the age of females by the structural changes m the 
lubricating glands, as the latter become filled with secreta. 
beginning with the fourth stage of alimentation In the 
subsequent gonotrophic cycles the size and shape of the 
glands are exactly the same as observed at the end of the 
first 

Determmation of the age rate of female sandflies is 
essential for clarifying the epidemiological importance of 
individual species The more numerous the gonotrophic 
cycles undergone by females, the greater the potentiali- 
ties of their infection with the pathogen of cutaneous leish- 
maniasis Besides that, the age composition of the sandfly 
population in daytime shelters serves as an index of the 
efficiency of control measures (A V Dolmatova, 1949) 

Laboratory Breeding 

The best food for sandfly larvae is organic detritus The 
larvae will readily develop on the excreta of lizards, birds, 
rabbits, sheep, goats, and other animals From time to 
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time, garden earth, animal blood and rotting foliage may 
be added to the nutritive substratum A number of authors 
(Parrot, 1936, Donatien and Lestoquard, 1933 Nitzulescu. 
1930, Najera, 1950, Petnshcheva, 1935) proved that sand- 
fly metamorphosis may proceed on purely vegetable food 
(leaves from different plants, e g , mulberry, as in P. A Pe- 
tnshcheva’s case) Ihe best results are obtained on sub 
stratum prepared and stored m advance The dry excreta 
are ground and mixed in 1 1 ratio with finely sliced plant 
leaves The mixture is moderately moistened and kept 
for 30 to 45 days in a warm dry place in firmly corked 
vessels 

The most favourable temperatures for sandfly raelamor 
phosis lie between 25 and 30* C Temperatures up to 
31 32® C act oppressively According to several authors 
engaged at various times with Central Asian species of 
Phlebotommae, the larvae of PWcbotomus are highly re 
sistant to the effects of low temperatures Thus, in the 
experiments of N I Khodukm (1927) the larvae of Ph 
papatasii lived under a temperature of — 24®C for 24 
hours In experiments by P A Petnshcheva (1935) they 
survived for three days, etc 

The development of the pre imago stages may proceed 
only under comparatively moderate or high humidity, but 
the presence of free water m the substratum acts oppres 
sively At 20° C, the larval stage continues for 30 to 35 
days, the first phase taking five to six days, the second 
seven to eight, the third eight to nine and the fourth 
about ten In like conditions the pupal stage occupies 
from 10 to 12 days A number of authors (N I Khodukm 
1927, P A Petnshcheva, 1935, Theodor, 1934 I P Soko 
lov and I A Tarvii, et afj note the asj nchrmrotfs 

development of pre imago stages in different species of 
sandflies at laboratory cultivation 

Laboratory cultivation may be effected in various \cs 
sels employed as nurseries, eg, wide necked flasks and 
bottles, cupping glasses, lantern glasses, wide test tubes 
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flower pots, etc The bottom of the nursery is lined with 
moist sand or hygroscopic cotton wool, with a covering 
of moderately moistened nutritive substratum The ves 
sels thus prepared are used for confining engorged sand- 
flies For the period of oviposition, the nurseries are bound 
with pieces of mill gauze, through which the insects may 
be regularly supplied with food Such covering also en 
sures normal ventilation At the end of oviposition the 
nurseries are tightly bound with surgical oilcloth to pre 
vent the substratum from drying and ensure constant hu 
midity within the vessel during metamorphosis The nurs 
eries are kept in darkness at a temperature of 25 to 30° C 

P A Petrishcheva developed a senes of modified pro 
cedures for the mass cultivation of sandflies in laboratory 
conditions, e g , an experimental nursery shaped as a cot 
tage, portable nurseries, etc 

Sandflies are fed with the blood of conventional labora 
tory animals (i e , rabbits, guinea pigs) They will also suck 
the blood of different wild animals and birds In addition 
sandflies may be fed on large domestic animals and man 
When maintaining the insects in small nurseries (cupping 
glasses test tubes), the mill gauze covered neck of the 
vessel is applied to the clean sheared back of the animal, 
holding it thus until all the sandflies are replete with 
blood The broad ears of rabbits are highly convenient 
for feeding the insects When kept in larger nurseries of 
the type of kennels huts, boxes, etc , sandflies are fed 
on the clean sheared backs of rabbits or guinea pigs 
which are placed for a night in small cages inside the 
nurseries The animal should be brought into the nursery 
when sandfly activity is at the lowest, i e , before dusk 
and removed on the following morning 

Apart from the Wood of ammals, it is advisable to sup 
plement the insects diet with sugar syrup (1 to 3 per 
cent) which is served in a piece of cotton wool placed 
into the nursery In large nurseries, a bottle with sugar 
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is installed, into which a loose cotton wool thread is low- 
ered. Sugar syrup may be substituted by bits of ripe fruit, 
melons and water-melons, etc. The syrup and fruit should 
be changed daily. 

A. I. Usova proposed feeding sandflies from a bladder 
made of skin peeled off the tail of a white mouse. The 
whole skin removed from the tail is filled with defibrinat- 
ed blood or (if artificial infection is envisaged) leishmani- 
al cultures. The open end of the skin is firmly tied up. 
and the whole is placed into a test-tube in which the ex- 
perimental insects are put as welt. The sandflies pierce 
the skin with their proboscides and suck out the liquid. 

Investigation of Sandflies for Leptomonad-Carrlership 

To reveal sandflies infected with leishmanias, the in- 
sects must be tested for the presence of Jeptomonad forms- 
At first, females are singled out from the captured Jot, se- 
lecting those containing the remains of digested blood. Fe- 
males with non-digested (red) blood should be kept alive 
in the laboratory for several days. 

The insects selected for autopsy are killed with tobacco 
smoke or ether, then dipped for one second into 96* alco- 
hol and washed in distilled water. The dead sandflies ear- 
marked for autopsy should be placed in a test-tube which 
is then filled with alcohol. Further, the alcohol is swiftly 
poured off, after which the test-tube is filled with water, 
the latter being changed two times. In the course of wash- 
ing, the sandflies are turned over several times with a 
soft brush, which helps to remove the hairs (P. A. Petri- 
shcheva, 1954), Autopsy is carried out on a microscopic 
slide in a drop of sterile saline or boiled water. 

The operation is performed with two sharp preparing 
needles under visual control with a 10X-15X lens. With 
the left-hand needle the insect is held down by the thorax, 
the right one being used to cut off the head, after w’hich 
the chitin between the posterior segments of the abdomen 
is cut open. On completing that, the right-hand needle is 


324 



transferred to the end of the abdomen, and the entire ali- 
mentary channel, Malpighian vessels and ovaries are re- 
moved by a light movement towards the operator The 
intestine is disengaged from the other organs, opened, 
slightly pressed down with a cover-glass, and examined 
through a microscope with a strong dry eyepiece The 
leptomonads are easily noted by their swift movements 
If these are present, the glass is cleansed of chitinous 
remains as well as particles of the insect's organs and 
tissues Using a clean needle, a smear of the intestinal 
content is made on a slide, inscribing the latter with the 
corresponding data After that, the smears are fixed by 
three five minutes’ immersion m methyl or ethyl alcohol 
mixed with an equal amount of ether, and then stained 
after Romanowsky-Giemsa 

To open the pharynx, the back of the insect’s head is 
punctured with a needle a little laterally from the median 
ime, the insect being held in place on the slide With the 
point of another well sharpened needle, close-set punc- 
tures are made along the inner margins of the eyes, after 
which the same needle is used to pierce the capitular base 
Then, with a deft forward movement, the pharynx with 
the walls of the oral cavity are drawn out, accompanying 
the operation by slight movements loosening the capit- 
ular base The extracted pharynx is also used for smears, 
which are treated in the manner described above 

In some cases, the entire extracted intestine may be 
fixed (in Camoys fluid, 96* alcohol, etc) and then cast 
m paraffin by the usual histological procedure, dividing 
it on a microtome and preparing and using microscopic 
samples m the usual way 

VISCERAL LEISlfAIANlASlS 

Synonyms kala-azar (black disease), infant leishmania- 
sis, internal leishmaniasis, tropical splenomegaly, kachetic 
fever, eingewelde Leishmaniosc (Germ), leishmaniose vis- 



cerale, leishmamose infantile (Fr ), lejshmaniosis infantil, 
leishmaniosis visceral (Sp) 

Visceral leishmaniases belong to the category of dis 
eases transmitted from animals to man, and are peculiar 
to countries with a hot or warm climate The clinical man- 
ifestations are lesions of the viscera, chiefly, the spleen 
and liver, developing after the bites of smaJl’Dipfera be- 
longing to the genus Phlebotomus 

Individual Forms and Their Distribution 

I The group of infant leishmaniases includes 

(a) Central Asian leishmaniasis, with foci occurring in 
the Transcaucasian and Central Asian republic's of the 
USSR. 

(b) Mediterranean leishmaniasis, with foci in southern 
Europe Greece (with the Greek Archipelago), Bulgaria, 
Yugoslavia, Italy, Sicily, Sardinia, Corsica, southern 
France, Spain, Portugal, Malta 

The disease is prevalent among children, with occasion- 
al adult cases Large outbreaks are unknown, the disease 
being mainly of sporadic nature Infection of man usually 
coincides with infection of dogs 

II The group of kala azar includes (a) Indian kala- 
azar, distribution coast of the Bay of Bengal, river val 
leys of the Indus and Brahmaputra, estuary of the Ganges, 
Madras, Calcutta, Bombay, Punjab, Delhi, Lahore, 
Carnatic, etc , the same type of leishmaniasis is spreid 
through Indo China, occurnng in foothills and valle>s with 
abundant ram and affecting people of all ages, occa- 
sionally prevalent among adults Canine cases ha%enot 
been recorded, some authors considering that dogs m In- 
dia are unsusceptible owing to hereditary immunity de 
velopcd from antiquity 

(b) Chinese kala-azar, distribution S,han-tung pro\ince 
of the Chinese People’s Republic, the most afflicted re- 
gions he in the vicinity of the Hwang Ho, isolated foci 
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occurring elsewhere, in some places, prevalent among chil- 
dren, m others— among both children and adults infec- 
tion in dogs and men does not always coincide 

(c) African kala azar, mostly occurring m north eastern 
Africa including parts of eastern Sudan and western 
Ethiopia, widespread in southern Arabia, prevalent among 
all age groups including children, foci with canine and 
human morbidity do not coincide 
III American visceral leishmaniasis is distributed 
through a number of regions of Central and South America 
(Bolivia, Brazil, Colombia, Venezuela, Salvador, Dutch 
Guiana, Argentina, Meicico, Paraguay) Prevalent among 
children Human morbidity coincides with canine 

History of Research 

After the discovery of the causative agent by Leishman 
and Donovan, the study of the disease was put on a sci 
entific basis Beginning with 1904, the term visceral leish 
maniasis was applied to many severe diseases with an 
irregular febrile course, splenomegaly, and incidence of 
leishmanias in the spleen or marrow In Russia the disease 
has been known since 1909, when the disease was first 
diagnosed by Austrian physicians m a boy brought to 
Vienna from Tashkent Later the disease was diagnosed 
by E I Martsmovsky, M N Nikiforov, N V Petrov, 
M S Maslov and other Workers 

In 1913 an expedition under V L Yakimov earned out 
successful investigations of leishmaniases in Central Asia 
(V L Yakimov, 1915) In general, Russian scientists have 
made valuable contributions to the study of visceral leish- 
maniasis Especiaffy nafabfe in this respect are the works 
of the Soviet scientists E I Martsmovsky, V L Yakimov, 
N I Khodukin, with numerous disciples and followers 
(F P Shevchenko, M s Sofiev, A I Lisova et al), 
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A. S. Artamonov, A. V, Burova, I. A. Kassirsky, L. I. Isayev. 
N. I, Latyshev, P. P. Popov, G. M. Maruashvili, N. A, Mir- 
zoyan, and many others. 


Clinical Features 

Visceral leishmaniasis has a chronic course, continuing 
from six months to two-three years and more. Occasional- 
ly, however, the disease proceeds acutely. Incubation takes 
from three weeks to ten months. The temperature curve 
is highly variable, producing irregular peaks up to 40’ 
and dropping to aG-SS® C with intervals from several days 
to two weeks. Sometimes there are no marked febrile 
attacks, although the marrow reveals leishmanias. Occa- 
sionally, there may be two temperature peaks in 24 hours. 
Diseased children evince apathy, retarded development, 
anemia and severe distrophy. Shortly after the onset, the 
spleen may attain a length of 10 to 20 cm, reaching the 
level of the V*Vir ribs. 

Splenic dimensions may vary considerably within a short 
period, even in 24 hours. The liver is enlarged and hard. 
The patient shows an enlarged, strongly protruding, 
strained, and sometimes painful abdomen. Also enlarged 
are the peripheral lymphatic nodes. The course is sluggish, 
with obliterate manUestations of the characteristic clini- 
cal symptoms. 

The skin is dry, occasionally becoming wax-coloured, 
or, as in Indian patients, dark, whence, locally, the disease 
is called kala-azar or “black illness”. Occasionally, small 
petechiae appear on the skin. In severe cases subcutaneous 
hemorrhage is possible. Ulceration may occur in different 
areas of the skin. The mucous membranes are pale. At 
times, there is edema of the face and limbs ivith marked 
emaciation. Patients gradually lose weight, and for want 
of specific treatment, may develop severe distrophy. 

If, initially, diagnosis may be difficult, the subsequent 
clinical picture is so typical that cases are easily identl- 
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fied even by inexperienced specialists with minimum 
knowledge of the disease (irregular fever, strongly enlarged 
abdomen, large hard spleen, enlarged liver, general pallor, 
sharp distrophy). 

Of late, a somewhat increased incidence of visceral 
leishmaniasis has been observed in a number of regions 
of Asia and Africa. The epidemic wave has involved lo- 
calities where previously the disease was either unrecord- 
ed or known from sporadic cases. 

Laboratory Diagnosis 

Laboratory diagnosis of visceral leishmaniasis is effect- 
ed by the following procedures: (1) examinations of mat- 
ter from punctures of the marrow, lymphatic nodes, 
spleen, and (in exceptional cases) blood, for the presence 
of leishmanias; (2) investigation of the primary lesion (if 
revealed) for leishmanias; (3) serologic tests; complement 
fixation, formol treatment, Chopra’s tests, etc.; (4) skin 
tests. 


Punctures of the Marrow, Lymphatic Nodes and Spleen 

Marrow punctures reveal leishmanias in most cases of 
visceral leishmaniasis. The marrow is obtained by punc- 
ture of the manubrium stem! after M. I. Arinkin (1927). 
When effected by a specially protected needle, this proce- 
dure is quite safe for the patient. Also applicable are punc- 
tures of the crista iliaca after O. D. Boldyrev and M. S. Ma- 
karova (1946), scapular puncture after L. M. Friedman 
and G. Y. Odishvili (1954). Ramos, Prats and Oppen- 
heimer (1956) proposed puncture of the tibia in child- 
ren under one year, and after that age — of the crista 
iliaca. . 

The punctates are used for smears made on microscopic 
slides to be fixed in methyl or ethyl alcohol (In the latter 
case, preferably, with an equal proportion of ether) for 
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three to five minutes and stained by the Romanowsk>- 
Giemsa method The leishmanias usually occur in the pro- 
toplasm of monocytes, endothelial cells, etc , but may 
also be found outside cells The smears should preferably 
be accompanied by culturing on special media For this 
purpose, drops of the punctate are injected from a syringe 
into three-five test-tubes containing the media 
Puncture of the lymphatic nodes is also effected by the 
conventional procedure This method, however, is less sat- 
isfactory for diagnosis, since here the leishmanias occur 
less frequently, and the lymphatic nodes are usually not 
increased in the initial stage of the disease Puncture of 
the spleen is seldom practised, being dangerous for the 
patient 

The blood is tested by inoculation into special media, 
as well as microscopy of smears, thick films and cen- 
trifuged samples Leishmanias do not always occur m the 
peripheral blood, and if they do. are not numerous In cen- 
trifugation, leishmanias ore usually found m the precipi 
tate The blood is mixed with a liouid of the following 
composition 9 gr salt, 04 gr potassium chloride, 0 2 gr 
calcium chloride, lOgr sodium citrate, 1 litre distilled water 
To this mixture are added 5 ml of blood, the whole be- 
ing centrifuged at a speed of 750 rpm for three-fwe 
minutes 

Investigations have shown that at injections of neoste- 
bosan and adrenalin 1 1000, subcutaneously, leishmanias 
appear in the blood after 10 to 15 minutes 

Examination of primary lesion Sometimes the skin at 
the site of the sandfly bite reveals a onmary lesion m the 
form of a papule, usually covered with a crust By scarifi- 
cation or puncture, it is possible to obtain a drop of 
a mixture of serous-sangumolent fluid to be used for 
smears (on slides) which are treated m the conventional 
way 
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CuUiirtng 


In the diagnosis of leishmaniases, especially of the vis 
ceral type, pathogen cultunng is of major importance Not 
infrequently, it is more reliable even than the simpler 
procedures involving microscopy of marrow punctate, 
blood, ulcer content, etc Culturing may also be employed 
in diagnosing certain cases of cutaneous leishmaniasis 

At present, a fairly extensive choice of procedures has 
been proposed Literary reports are available on success 
ful attempts at breeding leishmamas m tissue cultures, 
inoculating the latter with leptomonads (from the respec 
tive cultures) or leishmanial forms (from the viscera in 
visceral leishmaniasis) In tissue cultures, the leptomonads 
develop into leishmamas 

Inoculation is best effected in a large number of test 
tubes closed with cotton wool stoppers and sealed with 
paraffin or covered with rubber caps The materials for 
inoculation are peripheral blood and marrow, lymphatic 
or spleen punctates, or matter from ulcers or lymphatic 
nodes Prior to inoculation, the blood may be centrifuged 
taking the leukocyte layer (above the erythrocytes) for 
culturing The optimum temperature for the procedure is 
22-25° C 

With conventional cultunng procedures, flagellate forms 
of leishmamas may be revealed on the second or third 
day In cases when very few leishmamas occur in the test- 
tube, they are revealed later, viz , after seven to ten days 

Medium NNN (Novy, MacNeal, Nicolle, 1904) Composi 
tion agar 14 gr, sodium chloride 6 gr, distilled water 
900 ml 

The agar is dissolved under heat, filtered through gauze 
s<ir xotx> lest tubes end stexilused .m en 

autoclave To the sterile molten agar with a temperature 
of 48 50° C defibnnated rabbit blood is added in a ratio 
of one part blood to three parts agar The blood and agar 
are thoroughly mixed by rotating the test-tubes between 

S3l 



the palms, and the mixture is left to solidify in a tilted 
position. The test-tubes-containing solid media are set 
vertically to compel the condensing water to flow bottom- 
wards. If the ready medium is not for immediate use, 
it may be stored for some time on ice. To prevent drying, 
the cotton wool plugs are sealed with paraffin or covered 
with rubber caps. One to two ml of 0.5 per cent peptone 
solution may be added to the medium. Leishmanial 
growth may be observed on the third or fourth day. Re- 
culturing On fresh media is effected once in two or three 
weeks. 

G. M. Paronikyan (1948) proposed stimulating the 
growth of leishmanias by adding human serum in halves 
with saline in doses of 0.5 ml per test-tube of condensed 
solution. 

Kryukova’s medium (1942) presents a modification of 
the preceding, in which fresh blood is replaced by over- 
boiled. 


Serodlagnosis 

Serologic methods are used primarily for diagnosing vis- 
ceral leishmaniasis in man and dogs. 

The most widely-used are complement fixation, formol 
tests and Chopra’s antimony test. 

Complement fixation. This reaction is effected by the 
conventional procedure with antigens from specific sub- 
stances, e.g., leishmanias, and non-specific matter likeKe- 
drovsky’s acid-fast bacteria. Antigens for leishmanias are 
prepared by different methods. 

(a) The spleen of a hamster or suslik infected with 
leishmanias (contained in large quantities) is crushed in 
a mortar, then smeared on glass and dried. After eight to 
ten hours the dry tissue is scooped off, pulverised, and 
stored in a glass vessel on icc. Prior to use, 20 mg of the 
powder is dissolved in 1 ml of saline. In complement xa- 



tion, the supernatant fluid is Used as the antigen Pro 
longed storage reduces the antigen titre 
(b) Leptomonad forms of leishmanias, obtained m cul- 
ture, are used as a substance for antigen preparation To 
the centrifuged leishmanias, Koch’s fluid (0 5 per cent 
NaCl, 0 5 per cent NaHC 03 , and 0 4 per cent phenol) is 
added in such proportion that 1 ml should contain ap 
proximately two million leishmanias This suspension is 
left for three days at room temperature, all the work be 
mg done in strict sterility, after which the suspension is 
centrifuged, using the supernatant fluid as antigen 
Other methods of antigen preparation have been pro 
posed as well 

In preparing the antigen suspension, it is desirable to 
use not only the same species as expected to be found in 
diagnostic tests, but if possible, the local strains of the 
pathogen Preparation of antigens from non specific sub 
stances is usually accomplished with Kedrovsky’s bacte 
na In recent years, this method has found renewed use 
m the diagnosis of visceral leishmaniasis 
The formal test is used exclusively as a pilot procedure 
for diagnosing a number of diseases in man and animals 
The test is based on the clotting of the patient’s serum 
at addition of formalin 

Chopra's test is based on the formation of a white ring 
at the point of contact between a patient’s serum and anti 
mony preparations After placing the patient’s serum into 
a small, narrow test-tube, a four per cent urea stibamme 
solution IS very carefully poured by drops down the test- 
tube wall In positive cases, an opaque white ring appears 
at the point of contact between the liquids 
Brahmachari’s test. 3 ml of distilled water are added 
to 1 ml of a patient’s serum In positive cases, mixing of 
the serum and water produces a white diRusc precipitate 
accompanied by a milky white opacity m the rest of the 
liquid The same pnnciple is used in the tests proposed by 
Roy (1921) and Sia (1921-1924) 
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Intracutaneous Test 


The allergen for the skm test is prepared by the same 
procedure as in the case of the antigens used for comple* 
ment fixation Some authors add an 0 4 per cent phenol so 
lution to the antigen*. 

The allergen is introduced into the skin tissue in a dose 
of 0 I ml The results are considered positive if after 24 
hours a red papule develops at the site of injection, and 
increases for 48 hours After five days the skm effects 
disappear completely As a control, the same amount of 
sterile saline is injected as well The skm test is regarded 
as specific and is usually employed for diagnosis of 
cutaneous leishmaniasis, although it may be used for 
visceral leishmaniasis as well 
In each individual case the allergen should be prepared 
from the corresponding species of leishmanias (E A Pav* 
lova, 1957) 


Natural Focality 

N I Latvshev et coll (1946) were the first to obtain 
conclusive proof of the zoonose origin of visceral leish- 
maniasis among workers on new projects m the Vakhsh 
valley (southern Tajikistan) In this previously unpopulated 
area 30 adults and children contracted the disease in the 
course of two years In three out of nine jackals tested, 
smears of the spleen and liver revealed enormous numbers 
of leishmanias, the jackals being caught in the vicinity of 
the construction site, where no adequate accommodations 
had as yet been erected One out of the three jackals caught 
160 kilometres from the site revealed leishmanias in the 


’ Furtado and Pellegrino (1936) m diagnosing Brazilian cutaneous 
leishmaniasis, made successful use of intracutaneous 
allergen prepared from le'shmanias and the pol> saccharide fraction 
of the latter 
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viscera as well Hence, the incidence of visceral leish 
maniasis among the workers was justly associated with 
jackals, who are natural reservoirs of the pathogen which 
IS transmitted to them by sandflies After careful analysis, 
all other explanations of the infection among the workers 
were ruled out 

Thus, in an uncultivated area of the Vakhsh valley, jack 
als had acted as spontaneous pathogen carriers, similarly 
to dogs in old rural and urban foci of visceral leishman 
lasis Total sanitation of the area was achieved after the 
completion of the latter’s economic development, viz , 
after the appearance of large cotton plantations The 
jackals migrated to a considerable distance from the con 
slruction site, and the sick rate fell to ml, despite the 
arrival of fresh groups of settlers The natural foci of the 
infection could no longer exist in the newly settled area 

In the U S S R , there had earlier been many conjectures 
as to the potential importance of jackals in the epidemi 
ology of visceral leishmaniasis The subject was raised 
by N I Khodukin (1946) who observed cases of leishman 
lasis among people living near an old cemetery m Tash 
kent, where dogs were absent Jackals had taken up their 
abode in abandoned graveyards, the common breeding 
ground of sandflies Also of interest is the statement of 
P A Petnshcheva on the discovery m 1953 of leishmanias 
m the spleen of a porcupine (ffyslrix firrsutirostris saiun- 
ini, Muller) The diseased porcupine was found in Turk* 
menia in a sparsely populated desert area The region in 
question was frequently noted as the site of visceral leish- 
maniasis contracted by people m contact with nature, 
the jackal being a common inhabitant of the locality 

The carcass of the porcupine with leishmanias m the 
viscera, was most piobably stolen in the night by jackals, 
whose burrows were found near the porcupine’s This fact 
indicates another route for circulation of visceral leish 
maniasis, viz , through carnivores devouring diseased an- 
imals (P A Petnshcheva) 
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As yet no special works have been published on the 
natural focality of visceral leishmaniasis 

Sporadic cases of the disease in rural localities are the 
result of people (herdsmen, melon patch watchmen work 
ers at new construction sites) remaining for long periods 
in nature In cities, the highest sick rate is observed on 
the outskirts, where contacts with natural reservoirs of 
infection are also most frequent 

Of late, world literature has contained many statements 
of like content R Kirk (1956) working m north east Af 
nca, established that the majority of cases occur among 
the rural population of all ages at frequent visits to wild 
nature During the second world war, outbreaks of the 
disease occurred among European troops stationed for a 
long time m Ethiopia and British Somaliland In surveys 
covering domestic and wild animals, leishmanias were 
found in monkeys and foxes (Kirk, 1956) Spontaneous 
leishmaniasis was revealed in the squirrel (Morocco) and 
the cat (Sarrouy, Combe, Gillot Algeria, 1956) In north 
eastern Kenia leishmanias were revealed in hamsters in 
fected by introduction of suspensions of crushed organic 
tissues from the mongoose and gerbil, which permits these 
animals to be regarded as natural reservoirs of the disease 
(Heisch 1954) In northern China, where visceral leish 
maniasis occurs among dogs and people, the animals 
found susceptible to experimental infection included the 
chipmunk (Eutamias sibincus), zocor (Myospalox fonta 
niori) and daunan suslik (Citellus dauncus), although 
naturally infected animals have as yet not been found 
(Wang Chao tsun, Wu Cheng chien 1958) In Spam, the 
African ground squirrel Xerus sctulus is considered to 
be a reservoir of the disease (A Luengo, L Ndjera, 
M Lozano) 

In Brazil the infective agent of \isceral leishmaniasis 
was found m the viscera of four out of 33 foxes (L>caio 
pex vetulus) and 49 out of 936 dogs Dogs maintain the 
epidemiological chain m towns, while foxes may assist in 
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the occurrence of sporadic cases among the rural popu 
lation (L M Deane, 1956, 1958) 

Recently, it was proved that in dogs visceral leishman 
lasis begins with skin lesions on the nose and lips, where 
a primary depot of leishmanias is formed (L M Isayev 
and F I Ryazantseva, 1958) Initially, the skin of the 
nose and lips is depigmentised, following which light grey 
or pink grey miliary nodes appear, some of them develop 
ing ulcers Scrapings and drops of liquid from the latter 
reveal leishmanias When the pathogens pass into the 
Ijmphatic nodes, liver, spleen and marrow, the disease 
becomes general 

Leishmanias may likewise be found in microscopic sec 
tions of afflicted skin The liquid or suspension from node 
scrapings is tested by culturing Marrow puncture in dogs 
may be effected by the procedure proposed by V L Be 
layeva (1954), the site of puncture being the VI and VII 
ribs, and the operation being made with the needle of a 
one gram Record type syringe 

At autopsy of dogs suspicious for visceral leishman 
lasts or diseased, visceral smears and cultures are obtained 
from "dry’ pieces The smears and prints should be 
made as thin as possible and contain the least possible 
amount of blood G Simich et coll (1957) infected susliks 
with a suspension of dog viscera and discovered the dis 
ease even when examination of organic smears from the 
same dogs gave negative results 


Vectors 

In Central Asia, the usual vectors of visceral leishman 
iasis are Ph papatasii, Ph caucasicus (M S Sofiev, 
"Nl T 'Vavilova, "L S ”Omi6ova, Vyb'S;, t’ne ’latier being 
easier infected with the pathogen than the former (A I Li 
sova, 1957) In Georgia, Armenia and Azerbaijan, the vec 
tors of visceral leishmaniasis belong to the mayor group 
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In Georgia, spontaneous infection has been found m 
Ph chinensis and Ph kandelakn (G M Maruashvili 
1958) 

In ancient foci of visceral leishmaniasis in the Chinese 
People’s Republic, the principal vector is apparently Ph 
chmensis (Wang Chao tsun, Wu Cheng chien, 1958) In 
India, the principal vector of the disease is Ph argentipes 
(J Sinton, 1927, H E Shortt, A C Craighead, C S Swa 
mmath, 1928, C S Swaminath, H E Shortt, L A Ander 
son, 1942) 


Experimental Study 

Inoculation of the pathogens of rural cutaneous leish 
maniasis is effected by placing a small piece of tissue 
with leishmanias into a skin pocket made at the root of 
the tail of a white mouse In rodents, the pathogen may 
also be introduced into the auricle, the skm of the thigh, 
etc A P Kryukova (1940) was the first to infect a large 
gerbil through sandfly bites, after 15 days of incubation 
pending the infective blood meal 
At artificial infection, the disease m white mice often 
becomes general 

Expenmental studies of visceral leishmaniasis are made 
on hamsters and white mice, as well as susliks, dogs, 
monkeys, and certain other animals G M Paronikyan 
(1959) successfully infected white mice with L donovam 
from cultures by injection into the caudal vein 

Leishmanias are easily revealed by culturing In the 
experiments of G M Paronikyan, the pathogens were 
most often isolated from the spleen of infected mice (92 
per cent of aff cases), w/iicft was faiia^ivd m frequency 
by the liver and blood Stauber (1958) demonstrated 
that golden hamsters contract the disease and die after 
mtracardiac injection of a single specimen of the Khar 
turn strain of visceral leishmanias, whereas cats and rab 
bits are not killed even by large doses of the parasite Cot* 
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ton rats are susceptible but may carry large numbers of 
the parasites without dying of leishmaniasis Gerbils and 
guinea pigs are susceptible to leishmanias, the parasites 
m their bodies increasing m number for several days after 
infection, but then disappearing 

Prophylaxis 

The extensive use of contact insecticides — DDT and 
hexachlorane preparations — has played a major part in 
the control of sandflies in rural and urban settlements 
More vivid results were gained m areas where organised 
measures of sandfly control were adopted m the foci of 
sandfly fever Thus, for instance, many settlements in the 
Crimea were purged of mass sandfly infestment and pap 
pataci fever (F T Korovin, S N Nikolayev, P P Perfi 
iyev, 1949, A V Dolmatova, 1955) Favourable results 
were obtained with sandfly control in Turkmenia, where 
sandfly fever was completely eradicated in the course of 
three four years, with a parallel drop m the incidence of 
cutaneous leishmaniasis 

In all mass infested foci, the first step to adopt is total 
chemical treatment of domiciles and services twice a sea 
son The success of spring treatment determines the 
scope of the second campaign to be earned out in mid 
summer If the post hibemanl generation has been proper 
ly suppressed, the second round of total treatment may 
be omitted, being replaced by focal treatment, i e , apply 
mg the insecticide in those districts or even separate hold 
mgs where the insects appear m number or where cases 
of leishmaniasis and sandfly fever occur Focal treatment 
is also to be applied in the second or third year, depend 
ing on the quantity of sandflies 

The described system may be modified, only by increas- 
ing, but never reducing the scope of the measures applied 
Thus, in localities infested by large numbers of sandflies 
and with cases of leishmaniasis and sandfly fever persist 
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ing in the second year, both described seasonal campaigns 
should be carried out full-scale. 

Along with the control of sandflies proper, measures 
against their breeding are also important. In this respect, 
priority should be given to general sanitary measures. 
Mass sanitation campaigns should involve the entire pop- 
ulation. The potential breeding sites must be treated with 
insecticides (N. V. Bespalova, 1957). The general expen- 
diture of insecticides against larvae and adult sandflies 
comprises 1.5 to 2 gr ADV per sq m of surface. 

The area purged of sandflies is safeguarded against re- 
newed infestment by selective treatment applied to the 
points where cases of leishmaniasis or sandfly fever are 
noted. Special care should be taken in safeguarding the 
outskirts of settlements which border on wastelands har- 
bouring rodent burrows. The immediate vicinity of settle- 
ments should be sterilised within a radius of 1.5 to 3 kilo- 
metres. 

With a high level of sanitary culture among the popu- 
lation, the detection of leishmaniose patients presents no 
difficulties; sanitary education, however, should be an ob- 
ject of regular attention, the population being warned as 
to the importance of treatment in all fresh cases of the 
disease. 

Diseased dogs should be regularly rounded up and de- 
stroyed along with all stray mongrels and cats. Rodents in 
domiciles, services, gardens, orchards and parks should 
be regularly destroyed and their burrows blocked. 

In the first years of control, udWle the vector popula- 
tion has not been considerably reduced, measures must 
be taken to prevent the penetration of insects into homes 
(netting up windows^ switching off lights for the night, 
using bed nets, especially for children, etc.). 

Somewhat more complicated are the preventive meas- 
ures to be taken against desert-type cutaneous leishman- 
iasis in the natural foci thereof. When planning new towns 
and townships on undcv’eloped territories, it is necessarj' 



to conduct preliminary surv^s and mass control meas- 
ures against rodents and sandflies within a radius of no 
less than 1 5 to 3 kilometres around the site The basic 
sanitation measure for new areas subject to economic 
development is treatment with rodenticides and insecti- 
cides, fumigation of rodent burrows with insecticide-tainted 
car exhaust, chloropicnn, and other modes of poisoning 
On large new projects, rodent control may be effected by 
aircraft-scattered poisoned bait, the burrows being de- 
stroyed by modem ground-levelling machinery Medical 
workers should be consulted m the choice of new con 
struction sites 

At short-term visits to focal areas, individual protec- 
tive measures should be taken, including choice of camp 
sites at fair distances from the burrows and lairs of wild 
animals, wearing of protective clothing, and use of repel- 
lents such as Pavlovsky’s head net, bed nets, etc 
Of major importance is prophylactic vaccination which 
artificially imparts unsusceptibility to the disease Mass 
inoculations with live leptomonad cultures obtained from 
strains of zoonose leishmaniasis, earned out m Turkme- 
nia, proved a satisfactory safeguard against both types 
of leishmaniasis (N F Rodyakin, 1957) 
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JlaiumeB H H. KoAeoHiiKOD 11 B. fl oDai li- 
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JlaTumcB H II KpioKoua A fl noBainuiHitaT 11, 
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napasHTaioniH ii tpaiicM icchbhux Oaicsueil 1917, o V, 5—6 
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CTBe paaniiMHUX ch;iob nefiDiMaHHfi B kh Bonpocu Kpacoofi, oSmeil, 
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portance m the development of new areas ) 
neTpviuieDa TI A HoncBue mctoau HaiHCKHS mockhtob h npo- 
Ti BOMocKiiTiibie MeponpuHTiiH M . I95-I (6n6inorpa[{)iin) 
(Pclnshcheva P A Field techniques for the study of sandflies and 
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npoCie'iu Ko/Kiioro aefmiMamfoaa CCopiiiiK paCor I MOJKpecnjdiHKaii 
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(Problems of cutaneous leishmaniasis ) 
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